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INTRODUCTION 
The composition of milk can be altered by changing the diet. This is 
particularly true for milk fat and often true for milk protein. With 
limited roughage supply or in large automated operations, too high a con­
centrate to roughage ratio will depress milk fat production. Certain meth­
ods of grain processing such as flaking, pelleting, or expanding corn or 
sorghum have resulted in milk fat depression when these grains are fed in 
large amounts to lactating dairy cows. Usually associated with a major 
depression in milk fat production is a minor increase in protein. The 
effects of various flaked corn:corn silage diets on the production of milk 
fat and milk proten constituted the initial phase of this research. 
With milk pricing based on fat content, depression of fat production 
results in a severe economic loss to dairymen. A few substances have been 
fed to prevent or correct milk fat depression. The most successful have 
been sodium bicarbonate, delactosed whey, and bentonite. In each case, 
however, there are undesirable features associated with adding these sub­
stances to lactating cows' diets. Sodium bicarbonate has an appetite-
depressing effect, delactosed whey is difficult to mix in the quantities 
necessary to be effective, and bentonite is not an energy source. 
In searching for a dietary additive which might prevent milk fat 
depression, 1,3-butanediol was tried. Studies in other laboratories with 
feeding this compound to rats suggested that it might have potential for 
prevention of milk fat depression. Preliminary feeding trials indicated 
that it was easily mixed into rations and did not depress appetites of cows 
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and calves. Previous information in the literature indicated that it could 
be oxidized to CO^. 
Two cow feeding trials were designed to test this compound. In one, 
1,3-butanediol was used to attempt to correct a previous milk fat depres­
sion, and in the other, 1,3-butanediol was used to attempt to prevent milk 
fat depression on a fat depressing diet. In addition, a growth study was 
made by feeding 1,3-butanediol to growing calves on high and low grain 
diets. This study was conducted to obtain more information on the physi­
ological effects of adding 1,3-butanediol to the ruminant diet. 
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REVIEW OF LITERATURE 
This literature review will include the general areas of (1) synthesis 
of milk, (2) alterations in milk composition with diet, (3) physiological 
changes related to depressed milk fat yield, (4) treatments used to allevi­
ate milk fat depression, and (5) the metabolism of 1,3-butanediol. The 
review is intended to be representative, presenting the general consensus 
of research reports in each area, rather than being an exhaustive inclusion 
of every pertinent and related publication. 
Synthesis of Milk 
The synthesis of milk in cattle, as well as in other species, is a 
complex process. Many biochemical steps and physiological mechanisms are 
quite well documented, while others are at best only speculative. One of 
the least understood events is the initiation of milk secretion at parturi­
tion. Barry (1968) suggested that (1) growth of the gland and accumulation 
of milk fluid in the alveoli are induced by an increased concentration of 
prolactin in the mammary arterial blood, (2) the stimulation of secretion 
at parturition is not caused by hormonal changes but by milk removal from 
the gland and an increased supply of metabolites, and (3) decreased secre­
tion is not caused by hormonal changes but by gradual loss of secretory 
cells, decreased supplies of metabolites due to pregnancy, and unremoved 
milk. Barry's theory indicates an important role of diet in providing the 
essential metabolites at the proper time for maximum production. Therefore, 
a study of dietary effects on milk production and composition would seem to 
have much practical value in dairy nutrition. 
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Synthesis of milk solids 
The solids in milk are composed of protein, fat, lactose, and minerals. 
In order to understand how the ruminant diet affects the proportion of 
these constituents, one needs to know the precursors of each. 
Mepham and Linzell (1966) found that milk protein is synthesized in 
the mammary gland primarily from blood amino acids with a few milk amino 
acid carbon skeletons coming from glucose and acetate. The amino acid com­
position of dietary protein need not be the same as that found in milk 
protein because rumen fermentation alters the amino acid composition that 
becomes available for milk synthesis. 
The three primary precursors of milk fat are acetate, /5-hydroxybuty-
rate, and plasma triglycerides (Linzell, 1968). The short chain fatty 
acids, up to and including a portion of palmitate, are synthesized by the 
mammary gland from acetate and/ff-hydroxybutyrate. The remaining 50 to 60% 
of the total milk fatty acids are taken up by the mammary gland directly 
from triglycerides found in the low-density lipoproteins and chylomicrons 
of blood. Glycerol for the "backbone" of milk fat triglycerides comes pri­
marily from glycerol of hydrolyzed plasma triglycerides with a small amount 
being synthesized by the mammary gland from glucose (Luick, 1960; Linzell, 
1968). 
Glucose is the primary precursor of lactose (Rook et al., 1965). Min­
erals are absorbed intact from circulating blood (Luick, 1960). Since both 
minerals and lactose are present in reasonably constant percentages in milk, 
their proportion in milk is not much affected by diet. 
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Glucose and milk synthesis 
The role of glucose in ruminant milk synthesis is often not fully 
appreciated. Experimental evidence presented by Hardwick £t al. (1961) 
indicates that in the complete absence of glucose, the synthesis of milk 
ceases even though adequate quantities of acetate and amino acids are avail­
able. No other sugar can replace glucose. Linzell (1967) found by con­
tinuous fasting and simultaneous intravenous infusion of glucose, combined 
with hourly milking, that availability of glucose to the goat mammary gland 
can be a limiting factor in milk synthesis. Glucose, thus, has two major 
functions in milk synthesis. First, the lactating mammary gland derives 30 
to 50% of its energy from the oxidation of glucose (Annison and Linzell, 
1964), and second, glucose is the primary precursor of lactose, as was pre­
viously mentioned. Therefore, for maximum milk production, it is necessary 
to supply enough glucose or glucose precursors in the diet to satisfy these 
glucose needs. 
Dietary Factors Which Affect Milk Composition 
Certain combinations and proportions of ingredients and their physical 
form in the diet can affect the amount of fat and protein produced in the 
milk. The major effects are a substantial milk fat depression^ and a small 
increase in milk protein. These compositional changes usually occur simul­
taneously, and both will be discussed in this section. 
In this thesis, "milk fat depression" includes both a percentage 
decrease in fat and an absolute decrease in fat yield. 
Diets which decrease milk fat 
Over 30 years ago, Powell (1939) found that restricting roughage and 
feeding a high level of concentrate would result in milk fat depression. 
Other dietary ingredients which cause similar results are pelleted roughage 
(King and Hemken, 1962), pelleted or heat treated corn (Jorgenson et al., 
1965; Balch, 1955), finely ground hay (Colenbrander al., 1968; Emery 
ejt al., 1964a), and cod liver oil (Shaw and Ensor, 1959). 
The type of grain used in the concentrate mixture and the physical 
form of the grain determine whether it will result in milk fat depression. 
Ensor £t al. (1959) fed pelleted hay and ground corn at a ratio of 28:4 and 
achieved little fat depression. When the four parts of ground corn were 
replaced by flaked corn, a 50% reduction in fat yield occurred. Long hay 
and flaked corn at a ratio of 6 to 18 produced a similar depression. 
Jorgenson et al. (1965) depressed the fat in milk from 3.4% to 1.5% by 
feeding pelleted corn and soybean oil meal with restricted hay. Yamdagni 
et al. (1967) obtained similar results with this type of diet, but when 
they replaced half of the pelleted corn with pelleted oats, fat percentage 
was not depressed. Other investigators have verified these results. 
Hawkins £t al. (1963) found that pelleted corn above 35% of the total 
ration depressed fat, but pelleted oats at the same levels did not depress 
fat. Zeremski £t al. (1965) fed a diet where 67% of the dry matter came 
from a ground corn, oats, and bran concentrate mixture withput affecting 
milk fat content. Ronning and Laben (1966) fed a diet where the concen­
trate of barley and cottonseed meal made up 70% of the diet without signifi-
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When the results mentioned for oats versus corn are considered, it is 
not surprising that the amount and type of fiber in the diet will often 
determine whether milk composition is altered. If fiber content is low, 
fat depression will result regardless of the type of fiber in the roughage 
(Beitz and Davis, 1964; Ronning and Laben, 1966; Ruber et al., 1967). How­
ever, Emery e^ ajL. (1964a) found that on a moderately restricted roughage 
diet, ground hay as the fiber source allowed more fat depression than 
ground corn cobs when both were fed in equal amounts to different groups of 
cows. A well known cause of fat depression is lush spring grass which is 
very low in fiber, but supplementation of pasture with corn silage will 
alleviate this condition (Huber et al., 1964). Balch (1955) found in stud­
ies with flaked corn as the concentrate that the more fibrous the roughage 
source, the less fat was depressed. It would seem that more fiber in the 
diet would slow down passage and allow more time for fermentation and 
absorption of milk fat precursors. 
Diets which increase milk protein 
As mentioned before, milk fat depression is usually accompanied by a 
5 to 15% increase in milk protein yield. The increased protein seems to be 
the result of a relatively high energy diet and is not affected by rather 
wide fluctuations in dietary protein. Holmes e;t al. (1956) increased the 
protein content of cow diets from 10 to 17% while holding gross energy 
intake constant and found no increase in milk protein, but when they held 
the protein intake constant and increased energy intake, there was a sub­
stantial increase in milk protein production. Rook and Line (1962) varied 
the protein content in their lactating cows' diet from 70 to 160% of the 
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accepted standard without affecting the protein or total solids-not-fat 
content of the milk. In a trial with grazing cows. Ruber and Boman (1966a) 
supplemented pasture with varying levels of grain and also with varying 
levels of protein in the grain. As the grain feeding level increased, the 
percent of protein, lactose, and, obviously, solids-not-fat, as well as 
total milk production, increased, yet the level of protein in the grain had 
no effect on milk protein content. However, pelleting or heat treatment of 
corn without changing the amount consumed or physical form of the roughage 
will depress fat without changing milk protein content (Huber and Boman, 
1966b). 
Causes of increased protein 
The specific cause of increased milk protein synthesis has not been 
elucidated. At least three theories have been advanced. Colenbrander 
e_t al. (1968), using fistulated twin cattle, found that feeding expanded 
grain sorghum (which renders the starch more soluble) resulted in a lower 
concentration of rumen ammonia when compared to cracked grain sorghum. In 
an earlier trial (Colenbrander et^ al^., 1967) , a greater efficiency of pro­
tein conversion from feed to milk was experienced on the expanded grain 
sorghum diet compared to the cracked grain sorghum diet. The greater effi­
ciency of protein conversion was attributed to more rapid fermentation of 
the processed grain sorghum which allowed the rumen microflora to assimi­
late ammonia into amino acids as fast as it was produced. This made more 
nitrogen available for milk proteiji synthesis. Phillipson et al. (1952) 
made similar observations when they fed a high flaked maize diet to sheep. 
They observed that the rate of assimilation of ammonia nitrogen by rumen 
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bacteria exceeded the rate of decrease in ammonia concentration in the rumen. 
They concluded that the highly soluble carbohydrate in flaked maize allowed 
rumen microorganisms to increase their rate of assimilation of rumen nitro­
gen. Conrad and Hibbs (1961) also noted that with cattle on a soybran 
flakes diet, rumen microbes were able to conserve nitrogen for later use. 
The second theory is that the increased rumen propionate production 
observed on a fat depressing diet exerts an effect on milk protein synthe­
sis by altering amino acid metabolism in the liver resulting in an 
increased concentration of circulating «-amino nitrogen in the blood (Rook 
and Line, 1961; Ruber and Soman, 1966b; Fisher and Elliot, 1966). Both the 
rumen microbial nitrogen conserving theory and the altered liver metabolism 
theory include the assumption that increased amino acids made available to 
the mammary gland are the cause of enhanced milk protein synthesis on a 
high energy diet. 
A third theory is that increased dietary energy is converted to energy 
yielding metabolites which enhance mammary gland synthesis of milk protein. 
Rook and Line (1961) suggested that an increase in energy intake increases 
acetate absorption from the rumen. This increases acetate concentration in 
the plasma and makes more energy available in the mammary gland for milk 
protein synthesis. Yousef et al. (1968) compared high and low concentrate 
diets and found that mammary gland arterio-venous differences for «-amino 
nitrogen were similar for both diets. However, milk protein production was 
increased on the high concentrate diet. Their conclusion was that the high 
energy diet apparently enhanced the protein synthesis apparatus of the mam-
TzzTj gland vithout more upLctke of bluod amino acids. They did not have 
blood flow data, and when one considers that on the average 500 units of 
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blood pass through the mammary gland for every unit of milk synthesized 
(Linzell, 1960), the chances for error in drawing conclusions from arterio­
venous differences is sizable. 
Yousef et al. (1970) compared a normal diet, a fat depressing diet, 
and the fat depressing diet with whey and the minerals sodium bicarbonate 
and magnesium oxide added. Here the high energy feature was preserved 
while the acetate-propionate ratio was increased toward normal. Protein 
level in the milk was similar for both experimental diets and exceeded the 
control diet of lib, hay and ground corn. This would seem to indicate 
that increased propionate was not necessary for increased milk protein syn­
thesis. Fisher and Elliot (1966), however, infused glucose and propionate 
intravenously and obtained decreased milk fat but no change in milk pro­
tein, whereas infusion of propionate into the rumen did increase milk pro­
tein content. It seems that more studies are needed to understand the 
mechanisms of increased milk protein synthesis. 
Physiological Changes Related to Depressed Fat Yield 
Certain physiological changes accompany feeding a milk fat depressing 
diet. Whether any of these changes are direct causes of milk fat depres­
sion is not known. Possibly all are indirect effects which accompany the 
depression. 
Decreased rumen acetate to propionate ratios 
One of the most consistent effects is a change in the pattern of rumen 
fermentation manifested as a decreased acetate-propionate ratio (Jorgenson 
and Schuitz, 1963; Jorgenson et ai., 1965; Phiiiipson, iyjji; Ruber and 
Boman, 1966b). Since acetate is a known mammary precursor of short chain 
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fatty acids in milk fat synthesis (Popjak al., 1951), the natural assump­
tion is that reduced acetate production would limit milk fat synthesis. 
However, Davis (1967) found acetate production values were not signifi­
cantly different between cows on a normal diet and those on a fat depres­
sing diet. The rumen fermentation effect seems to be an increased propio­
nate production rather than any change in acetate production. Bauman £t al. 
(1968) detected two-fold greater propionate production in the rumen of cows 
on a fat depressing diet when compared to controls on a normal diet. 
McClymont (1951) observed that on a high concentrate, fat depressing diet 
arterial levels of acetate were not affected. Jorgenson and Schultz (1963) 
suggest that increased propionate is metabolized to succinate which enters 
the Krebs cycle and becomes oxalacetate. This, they suggested, combines 
with acetyl CoA and results in a shift of acetate to the Krebs cycle 
instead of being available for milk fat synthesis. Van Soest and Allen 
(1959) also propose this theory. 
Decreased /3-hydroxybutvrate 
Rook and Balch (1961) observed that increased propionate production 
decreased the circulating ketone bodies, particularly -hydroxybutyrate, 
which is another change associated with a fat depressing diet. ^-hydroxy-
butyrate is a known precursor of short chain fatty acids in milk fat (Luick, 
I960; Barry, 1964). However, its primary role in milk fat synthesis is not 
clear. Shaw and Knodt (1941) conducting arterio-venous difference stud­
ies found that the lactating mammary gland uses substantial amounts of 
-hydroxybutyrate while the nonlactating gland uses very little. Storry 
and Rook (1966) observed that fall and recovery of milk fat production on 
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alternate fat depressing and normal diets closely followed the concentra­
tion of /^-hydroxybutyrate in circulating blood. Rook and Balch (1961) by 
a four-day continuous intraruminal infusion of butyrate obtained a substan­
tial increase in milk fat production. They observed that the butyrate was 
metabolized to /3-hydroxybutyrate to produce its effect. These and other 
experiments leave little doubt that /3-hydroxybutyrate is an important 
metabolite in milk fat synthesis, but what still remains to be delineated 
is how it is primarily used. Palmquist e^ al. (1969) measured the maximum 
amount of /3-hydroxybutyrate that could be incorporated into milk fat as 
not more than eight percent of the total fat produced. It would seem that 
^-hydroxybutyrate must have some other role besides its use as a carbon 
source for milk fatty acids. Shaw and Knodt (1941) suggest that it could 
be used as an energy source by the mammary gland. Krebs (1961) observed 
that /3-hydroxybutyrate is used by body cells as fuel for respiration. 
Whatever its role, ^-hydroxybutyrate is an important metabolite for use in 
the overall synthesis of milk fat. 
Decreased rumen pH 
Lowered rumen pH is another change which often accompanies milk fat 
depressing diets. The pH reading will sometimes fall from 6.7 or 6.8 to 
below 6. This change is not as consistent, however, as other changes 
already mentioned. Balch (1959) observed a low rumen pH in cattle on a 
high concentrate, fat depressing diet. Saliva production was much less on 
the fat depressing diet compared to a high roughage diet giving less buffer­
ing action in the rumen. Meyer e_t al. (1964) found, that as water content 
in feed increases, the amount of saliva produced decreases. Thus, a cow on 
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lush pasture would theoretically have a low rumen pH and depressed milk fat 
production. The low rumen pH favors establishment of a rumen microflora 
particularly adapted to propionate production (Reid ejt al., 1957). 
Altered fat deposition and mobilization 
In the lactating dairy cow, as well as other ruminants, production of 
glucose and ketone bodies seems to be inversely related (Radloff £t , 
1966). The effect of lowered ketone body production has already been dis­
cussed. The concurrent enhanced gluconeogenic metabolism from a fat 
depressing diet seems to affect milk fat synthesis through an effect on 
lipid deposition and mobilization in adipose tissue. Annison (1960) 
observed in sheep that as the concentration of glucose in circulating blood 
increased, lipid mobilization from adipose tissue decreased. McClymont and 
Vallance (1962) made similar observations. Insulin production, as a result 
of increased glucose concentration, seems to be involved in the decreased 
lipid mobilization effect as insulin inhibits fat mobilization (Van Soest, 
1963; Menahan et al., 1966). Also, metabolism of glucose and propionate 
could result in excess reducing equivalents being available for adipose 
tissue lipid synthesis. Varman and Schultz (1968) assaying for fatty 
acid synthetase enzyme concluded there was an increased fatty acid synthe­
sis in adipose tissue and decreased fatty acid synthesis in mammary tissue 
on a fat depressing diet. There is a marked increase in activity of L-* -
glycerolphosphate dehydrogenase in adipose tissue of cows on a high concen­
trate diet (Optsvedt et al^., 1967) which also suggests increased lipogene­
sis. Baldwin £t al. (1969) observed an increase in activity of enzymes 
associated with lipogenesis in adipose tissue on a milk fat depressing diet. 
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By measuring intermediary metabolite levels, they suggested there is a rela­
tively low level of energy available to the mammary gland for milk fat 
synthesis on a fat depressing diet. 
It is often observed in early lactation that even a well fed cow will 
"milk off" a substantial amount of fat. This results in a very high milk 
fat percentage during the first few weeks of lactation. She is theoreti­
cally mobilizing fat from adipose tissue and secreting it in her milk. 
When her fat deposits are substantially decreased, the milk fat content 
drops to a normal or even subnormal level. This sequence of events can be 
explained by the mechanisms involved in lipolysis and lipogenesis of adi­
pose tissue. 
Mobilized lipids cause an increase in long chain saturated fatty acids 
which are carried in triglycerides of low density lipoproteins in circu­
lating blood. These triglycerides are taken up directly by the mammary 
gland and used for milk fat synthesis (Luick, 1960). A high concentrate 
diet decreases fat mobilization by making more starch available to be 
digested and then absorbed as glucose in the small intestine due to less 
rumen mixing and faster passage (Karr et al^., 1966; Orskov et al., 1969). 
When fat depression was induced with a high flaked corn diet and then 
the cows were abruptly changed to a high roughage diet (Storry and Rook, 
1966; Storry and Sutton, 1969), the acetate-propionate ratio returned to 
normal in one week, but milk fat production recovered slowly over a period 
of weeks. This might indicate that fat mobilization enzymes were involved 
and were slower to adapt than the rumen microflora. Supporting the fat 
mobilization and deposition theory, cows on a fat depressing diet usually 
experience excessive weight gain (Ronning and Laben, 1966; Jorgenson et al.. 
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1965; Jorgenson and Schultz, 1963) which is presumably fat deposits in adi­
pose tissue. 
Alterations in milk and blood fatty acids 
Associated with feeding fat depressing diets is a decrease in the 
ratio of long chain saturated to unsaturated fatty acids in plasma lipids 
and milk fat (King and Hemken, 1962; Davis and Sachan, 1966; Jorgenson and 
Schultz, 1963; Kunsman and Keeney, 1963). This ratio (saturated:unsatu­
rated) in plasma would be increased during fat mobilization since adipose 
tissue is composed mostly of long chain saturated fatty acids. The fatty 
acid picture in plasma lipids is reflected in milk lipids on a fat depres­
sing diet (Kunsman and Keeney, 1963). Optsvedt and Ronning (1967) noted 
that on an all-concentrate fat depressing diet, 74% of the total fatty acid 
reduction observed in milk was fatty acids of 16 carbons or longer. These 
are the fatty acids taken up by the mammary gland from plasma triglycerides 
•and reflect lipolysis and lipogenesis in adipose tissue. 
The lipid portion of a cow's diet usually contains large quantities of 
unsaturated fatty acids. In a normal situation, these fatty acids are sat­
urated with hydrogen in the rumen. Lack of hydrogénation while feeding fat 
depressing diets could affect the saturated-unsaturated fatty acid ratio in 
plasma triglycerides. Virtanen (1966) noted that cows on unusual diets do 
not carry out this reaction very well. Wright (1959) determined that the 
hydrogénation reactions are due to rumen protozoa. Chalupa e^ al. (1970) 
associated a dramatic decrease in rumen protozoa with the feeding of a fat 
depressing diet. Storry (1970) in an vitro study observed much less 
hydrogénation of soybean oil when incubated with ingesta of cows on a high-
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concentrate diet as compared to ingesta from a normal diet. These observa­
tions seem to indicate a connection between fat depressing diets, hydrogéna­
tion of dietary fatty acids in the rumen, and the changed fatty acid pic­
ture in blood and milk. 
Whether it is caused by fat mobilization-deposition, feeding of unsat­
urated oil, or lack of hydrogénation of dietary lipids, the changed unsatu­
rated: saturated fatty acid ratio seems to be definitely associated with 
milk fat depression. McCarthy et (1966) explain the association as 
follows: 
"The mammary gland, faced with a supply of altered lipids, will 
use only those lipids which fit the pattern for normal milk fat 
triglyceride composition. In a fat depressing situation, there 
is a shortage of saturated long chain fatty acids and an oversup-
ply of unsaturated long chain fatty acids. This is not normal so 
the cow responds by synthesizing less milk fat." 
This statement implies that all milk fatty acid production is restricted, 
which is difficult to support in the light of Optsvedt and Ronning's 
(1967) observation that the main reduction in fatty acids during fat depres­
sion is found in long chain fatty acids. 
Effects of feeding various oils 
The foregoing discussion has dealt with some causes and effects of 
feeding fat-depressing diets which might arise in practical situations 
where roughage was in short supply or increased mechanization of feeding 
was desired. Some more or less impractical diets have resulted in milk fat 
depression and may shed some light on the cause of changes in composition 
of milk. Beitz and Davis (1964) included cod liver oil in the diet of lac-
cating cows and noted a substantial uepiesSiOu iû uiilk fat production. 
There was no change in the acetate-propionate ratio. Haenlein £t al. 
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(1968) observed a decrease in both solids-not-fat and fat production from a 
diet with cod liver oil included. Varman et (1968) added unsaturated 
oil to a normal diet and decreased milk fat. The decrease was associated 
with a decrease in the arterio-venous difference across the mammary gland 
for total plasma triglycerides. Davis and Brown (1970) described an unpub­
lished study by Davis and Sachan where cod liver oil was infused into the 
abomasum of lactating cows with no change in milk fat, but when the same 
quantity was infused into the rumen, a marked fat depression resulted with 
no change in acetate-propionate ratio. McClymont (1951) observed a 
decrease in the proportion of short chain fatty acids in milk fat when cod 
liver oil was added to the lactating cows' diet, but arterial levels of 
acetate were not affected. These experiments seem to substantiate the 
theory that much of the fat depression due to diet could be caused by the 
composition of long chain fatty acids made available to the mammary gland 
by the plasma triglycerides being indirectly affected by a lack of rumen 
hydrogénation of dietary substances. 
Inclusions of other dietary lipids in lactating cows' diets have given 
added information. Allen and Fitch (1941) achieved increased milk fat 
secretion by adding butter and lard to lactating cows ' diets but decreased 
milk fat yield by adding soybean oil and corn oil to the diet. This is 
further evidence of the inability of the rumen to hydrogenate large quanti­
ties of unsaturated oil with a resultant fat depression. Storry e_t al. 
(1969) infused soybean oil intravenously and achieved an increase in milk 
fat yield, but cod liver oil had the opposite effect. Moore and Steele 
V.19oo^ iucludeu cuùûuu£>eeù oil xu a. lacLaLlù# cûw's diet âïlu dcCrêâScd lûllk 
fat slightly, tallow didn't affect milk fat, pure stearic acid increased 
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milk fat yield, pure oleic acid decreased milk fat yield, myristic acid had 
no effect, but lauric acid decreased milk fat production. Steele (1969) 
added 5% stearic and 10% palmitic acid to a "low fat"^ lactating cow's diet 
and observed increased milk and fat production. These studies would seem 
to indicate that adequate substrates for milk synthesis must be either ace­
tate, /3-hydroxybutyrate, or long chain saturated fatty acids; other sub­
strates are inadequate. 
Effects of feeding raw soybeans 
A recent dietary innovation has been the feeding of raw soybeans to 
lactating cows. Steele et al. (1970) fed six cows an adequate roughage 
diet with very little lipid in the concentrate. When this diet was supple­
mented with 8% soybean oil, milk fat yield went down, but when cracked soy­
beans were added to the diet, milk fat yield increased. Perry and McLeod 
(1968) fed raw soybeans and ground ear corn to cows on an ^  libitum hay 
diet and elevated fat production. Larson and Schultz (1970) compared a 
normal herd diet and the same diet with equal amounts of soybean oil 
included either as pure oil or in cracked soybeans. The cracked soybean 
diet resulted in higher fat yield than the pure soybean oil diet or the 
normal control diet. They suggested that the feeding of whole soybeans 
allows a slow release of unsaturated fatty acids which can be hydrogenated 
by the rumen and used for milk fat synthesis while the oil added all at 
once cannot be hydrogenated sufficiently. 
ents were low in fat. 
Treatments Used to Alleviate Milk Fat Depression 
A few substances have the potential to alleviate or prevent milk fat 
depression without altering the diet. Emery and Brown (1961) prevented the 
fat depression usually associated with high concentrate diets by including 
one pound per day of sodium bicarbonate. Rumen pH was increased, but the 
acetate-propionate ratio was not affected. Miller e^ al. (1965) prevented 
milk fat depression by adding sodium bicarbonate to a high concentrate diet. 
Acetate-propionate ratio was increased, and there was less body weight 
gain. Emery e^ al. (1955) added sodium bicarbonate and magnesium oxide to 
cows on a fat depressing diet and corrected milk fat depression. They 
observed different mechanisms for each mineral, sodium bicarbonate 
decreased ruminai propionate, while magnesium oxide increased mammary gland 
uptake of milk fat precursors. Ruber et al» (1969) used the same minerals 
to prevent fat depression and observed an increased acetate-propionate 
ratio, increased rumen pH, and increased mammary uptake of plasma tri­
glycerides as well as prevention of fat depression. These and other stud­
ies (Emery e^ , 1964a; Davis e^ , 1964) would indicate that these 
minerals will prevent or correct fat depression by altering the physiologi­
cal changes that cause it. However, appetite depression seems to accompany 
mineral feeding (Thomas and Emery, 1969), and this could be a serious limi­
tation with high producing cows. Beef cows and dairy cows appear to react 
differently to sodium bicarbonate feeding with acetate-propionate ratio 
being widened in dairy cows but narrowed in beef cows when soybean oil meal 
was used as the protein supplement (Miller £t al., 1965). No reason was 
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Ruber et al. (1967) added 10% delactosed whey to a fat depressing diet 
and prevented fat depression. Butyrate concentration in the rumen was 
increased as was the rumen acetate;propionate ratio. An increased 
/^-hydroxybutyrate uptake by the mammary gland was observed by Huber ejt al. 
(1969) when whey was used to correct fat depression. Schingoethe e^ al. 
(1971) fed different whey products to cows on a milk fat depressing diet. 
They found that whey must have its minerals present to prevent fat depres­
sion. They also observed an increased rumen concentration of acetate and 
propionate. 
Addition of 5% bentonite to a fat depressing diet prevented milk fat 
depression (Schultz and Bringe, 1969; Rindsig et , 1969). Rumen acetate-
propionate ratio was widened, and the effect was attributed to slower pas­
sage of nutrients from the rumen with more time for normal fermentation. 
The feeding of high-concentrate diets when fat is depressed does not 
result in increased efficiency of milk production. Hawkins £t a^. (1963) 
noted a decrease in energy efficiency with a fat depressing diet even 
though the availability of metabolizable energy is greater for propionate 
than acetate. Coppock £t al. (1964) found an increase in efficiency of 
milk production when up to 50% concentrate was included in the diet but a 
decrease due to fat depression when concentrate was increased above this 
level. Kesler and Spahr (1964) observed a detrimental effect on cow per­
formance when concentrate made up over 60% of the lactating cows' diet. 
These results cast doubt on the advisability of feeding too high a concen­
trate diet for a long period of time even if fat depression could be pre­
vented because of potential losses in Tongevify and cor-? health. 
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On the other hand, Elliot (1962) cited some unpublished work at 
Cornell where moderate fat depressing diets increased overall energy effi­
ciency and protein efficiency. Van Soest (1963) observed that energy effi­
ciency of milk production exhibits a maximum near the roughage concentrate 
ratio at which fat begins to be depressed. Therefore, as high concentrate 
feeding methods push milk production levels toward optimum efficiency, milk 
fat depression prevention could well become increasingly important in 
future years. 
Little work has been done on the long-term effects of fat depressing 
diets. Powell (1939) observed that both fat and solids-not-fat were 
depressed on second and third lactations of cows fed long-term fat depres­
sing diets. 
Metabolism of 1,3-Butanediol in Animals 
The metabolism of 1,3-butanediol (BD) does not relate to the past 
history of fat depression because the research being reported here is the 
first known work with feeding BD to cows. It seems appropriate and neces- • 
sary, however, to include some available background information on BD 
metabolism. 
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Miller, Browning, and Turransky (1965) fed BD-l-C as part of a 5% BD 
diet to rats. At 12 hours after feeding, 70% of the absorbed activity was 
found in expired COg, and at 48 hours, 90% appeared in COg. This appears 
to confirm that BD can be oxidized in significant amounts by the rat 
through carbohydrate pathways. 
Davenport jet al. (1967) fed day-old chicks diets containing 0, 5, 10, 
15, and 20% BD. At the 5% level, chicks performed equally well as controls. 
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Above this level, feed intake was curtailed and weight gain reduced. 
Miller and Dymsza (1967) fed young rats a 20% BD diet with no impairment of 
feed utilization. Stoewsand et al. (1966) fed 30% fat and 20% BD to rats 
for four weeks. Weight gain was less in BD fed rats, but feed efficiency 
was not impaired. Yoshida et al. (1971) fed 5.88% BD to growing calves. 
Digestive ability was not disturbed, and growth was normal. These studies 
indicate that BD fed at moderate levels can be efficiently utilized as an 
energy source by animals. 
Mehlman et (1966) fed a 20% BD diet to rats for five weeks and 
observed elevated plasma free fatty acids and less epididymal adipose tissue 
deposits when compared to controls. They suggested that this indicated a 
fat mobilization role for BD. Mehlman e^ al. (1971) fed rats a diet con­
taining 30% fat and 18% BD. They observed greatly increased blood ketone 
levels» Blood glucose levels were lowered, and livers perfused with BD 
showed decreased glucose production from lactate. Through analysis of key 
metabolic enzymes, a path of BD metabolism through /3-hydroxybutyrate was 
proposed. This pathway involves two immediate oxidation steps producing 
reducing equivalents. 
After consideration of these experimental studies with BD, it was 
decided that BD might have potential as an additive to prevent milk fat 
depression. Changes in blood glucose concentration and blood ketone levels 
are similar to conditions which are favorable to milk fat synthesis. Adi­
pose tissue mobilization on a BD diet seems to be highly promising in the 
light of experimental evidence mentioned earlier that this change in body 
metcibolisiu iu definitely aisbociaûed with milk TaL SyuLlicSls. TaûUcâScu 
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availability of ^  -hydroxybutyrate for use in milk fat synthesis would also 
indicate that BD might have a place in prevention of milk fat depression. 
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EXPERIMENTAL 
The research reported herein will be presented in four major sections: 
(1) changing milk composition by varying the concentrate to roughage ratio 
in the diet of lactating cows, (2) preliminary observations from feeding 
1,3-butanediol to cattle, (3) the alleviation or prevention of milk fat 
depression in lactating cows with 1,3-butanediol, and (4) the effects of 
feeding 1,3-butanediol to growing calves on high and low concentrate diets. 
After pertinent methods and results have been presented and discussed for 
individual sections, a general discussion will be presented to consider 
various broad implications of the research. 
Part I. Changing Milk Composition by 
Varying the Concentrate to Roughage 
Ratio in the Diet of Lactating Cows 
The purpose of this study was to explore the possibility that a 
dietary concentrate to roughage ratio could be fed to lactating dairy cows 
which would result in a slight drop in milk fat production and a compen­
sating increase in milk protein production. Two trials were conducted to 
test this possibility. 
Procedure 
Trial one During a three-week preliminary period, one Holstein and 
five Brown Swiss cows in early to mid-lactation were fed a liberal roughage 
diet plus concentrate according to milk production. The roughage consisted 
of 4 kg of alfalfa hay fed twice daily in equal portions before milking and 
15 to 20 kg of corn silage fed in equal portions twice daily after milking. 
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The concentrate was Iowa State University dairy farm herd mix^ fed three 
times daily at the rate of 2.5 kg/kg milk. 
After the preliminary period, the cows were divided into three groups 
of two cows and allocated to diets having different concentrate to rough­
age ratios. The roughage was corn silage, and the concentrate was 80% 
2 flaked corn and 20% protein supplement . Concentrate to roughage ratios 
were A, 3:2; B, 2.5:3; and C, 1:2 on an as-fed basis. These diets were 
mixed and fed as a complete feed according to appetite for an eight-week 
experimental period. Milk samples were collected once a week from all the 
cows. Individual milk production weights were recorded for the sampling 
days. Milk fat was determined by the Babcock method, protein content by 
formal titration (Richardson et al., 1953) and total solids gravimetrically 
(Mojonnier and Troy, 1922). 
Trial two Eight Holstein and two Brown Swiss cows in early lacta­
tion were fed the herd diet as described for trial one during a four-week 
preliminary period. Then the cows were divided into two groups of five 
cows and allocated to different concentrate to roughage diets. The ratios 
of concentrate to roughage were C, 1:2 and D, 1:3 on an as-fed basis. The 
ingredients were the flaked corn mix and corn silage previously described 
for trial one. The experimental period continued for ten weeks. Milk sam­
ples were collected once weekly from all cows. Daily production and milk 
composition were measured as described in trial one except that total 
solids determination was by lactometer (Watson, 1957). 
^Herd mix is 62% corn, 20% oats, 15% soybean meal, and 1% each of urea, 
•»/> o 1 r* T iim mineral Qolf*. 
2 
The protein supplement was 82% soybean meal, 10% mineral and salt, 5% 
urea, 2.5% molasses, and 0.5% vitamin premix. 
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Results and discussion 
Trial one In the preliminary period, the cows were fed the same 
diet they had been receiving since calving. During a ten-day transition 
period, they were gradually changed to the experimental diets. Initially 
they accepted the experimental diets quite well. However, as the experi­
ment progressed, some cows went "off feed" often. When 2 kg of hay were 
added to the diet of an "off feed" cow for a feeding or two, she would soon 
be eating again. This periodic digestive interruption seemed to have an 
adverse effect on milk production. 
Results of trial one are presented in Table 1. The small number of 
cows in this experiment made it difficult to balance previous milk compo­
sition among groups. Therefore, differences in milk fat and protein can be 
noted among diets A to C in the preliminary period. Examination of the 
experimental period data indicates that diets B and C gave trends in the 
desired direction. Milk protein content was increased from 3.71 to 3.95% 
by diet B and from 3.57 to 3.80% by diet C, approximately a 7% increase in 
both cases. Fat depression was a little greater than desired, particularly 
in diet C where the decline from 3.56 to 2.90% was nearly a 20% depression. 
Total solids reflected the changes in fat and protein content. Milk pro­
duction declined only 0.7 kg/day for diet C but declined 2.8 kg/day for 
diet B, nearly a 15% decrease. Much of this decline by the cows on diet B 
was probably caused by being off feed more often. Diet A resulted in an 
increase in milk protein content from 3.93 to 4.09. When protein was con­
sidered with the drop in fat content, 4.30 to 3.13%, and the drop in milk 
9 A A f-r» 1 R A f-ln a l^oo^ r%Y*r*Tn — 
ising of the three. In addition, the cows on diet A were "off feed" more 
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Table 1. Comparisons of milk composition, feed intake, and weight changes 
in cows fed concentrate to roughage ratios of 3:2, 2.5:3, and 1:2, 
trial one 
Diet: A B C 
Period : Pre. Exp. Pre. Exp. Pre. Exp. 
Measurement 
Milk fat (%) 4.30 3.13 3, .96 3 .56 3. 56 2.90 
Milk protein (%) 3.93 4.09 3. 71 3 .95 3, .57 3.80 
Milk total solids (%) 13.51 12.58 13. 29 13 .21 12. 71 12.41 
Milk production (kg/day) 20.8 15.5 18, .8 16 .0 23. 0 22.3 
c 
Dry matter intake 
Body wt. changes 
(kg/cow/day) 9.2 9 .0 12.5 
(kg/cow/day) +0.60 +0 .98 +1.07 
^Pre. = Preliminary period; Exp. = Experimental period. 
^Each value is an average for two cows. The preliminary period con­
tained three observations per cow, and the experimental period contained 
four observations per cow made during the last four weeks of the experimen­
tal period only. 
c 
Dry matter intake was measured for the experimental period only. 
^Cows were weighed three consecutive days at the beginning and end of 
the experimental period. 
often than those fed the other two diets. Dry matter intake averaged 12.5 
kg/day for diet C which was considerably higher than the 9.2 and 9.0 kg/day 
for diets A and B. The lower intake was caused largely by cows on diets A 
and B being "off feed" periodically. 
The periodic disruption of cows being "off feed" was thought to be 
caused possibly by too much lactic acid production on the flaked corn and 
silage diet. Therefore, during the last week of the experimental period, 
rumen fluid was taken by stomach pump from each experimental cow and also 
from three herd cows being fed the same diet as described for the prelimi­
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nary period. pH readings were taken immediately, and lactic acid values 
were obtained by the method of Barker and Summerson (1941). Results of 
these determinations are given in Table 2. The pH values seemed to reflect 
the amount of flaked corn in each diet with an average of 6.05, 6.35, and 
6.70 for diets A, B, and C, respectively, and almost 6.8 for controls. 
Lactic acid values were higher for diet A than for the other two experimen­
tal diets but similar to the control cows. None of the lactic acid values 
were considered excessively high nor were the pH values considered exces­
sively low. Possibly rumen acid production changes very rapidly and is 
difficult to measure accurately. This could explain the lack of conclu­
sive results. 
Trial two The cows selected for this trial were earlier in lacta­
tion (averaging about 80 days postpartum) than those in trial one. Daily 
milk production was considerably higher at the start of the experiment than 
for trial one. The 1:2 (diet C) and 1:3 (diet D) flaked corn to silage 
diets were chosen because the 1:2 diet in trial one gave promising results, 
and the 1:3 diet seemed more practical as the cows on the higher flaked 
corn diets had more difficulty staying on feed in trial one. 
Results of trial two are given in Table 3. Again the groups were not 
balanced, and there are initial differences in the fat and protein content 
of milk during the preliminary period. Examination of the data indicates 
that fat content declined 0.13% for cows on diet C and 0.22% for diet D. 
This was approximately the desired result. However, milk protein changed 
very little, actually declining slightly. This did not conform to the 
uujccL uj. Liic xuiêiic • lÙLâi dôxxuS cOuCcuu Wâa iiOû Ciiângcu, ûUu 
production declined substantially, 6.9 kg/day for both diets. This can 
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Table 2. Values for rumen fluid pH and lactic acid concentration of lac-
tating dairy cows fed fat depressing and normal diets 
Lactic acid 
Cow number Diet Rumen pH (mg/100 ml) 
5057 A 6.1 17.0 
5679 A 6.0 5.1 
915 B 6.4 1.2 
5460 B 6.3 1.3 
5630 C 6.7 1.1 
5549 C 6.7 0.9 
5408 Herd 6.8 0.7 
5120 Herd 6.8 17.3 
5657 Herd 6.7 1.4 
Table 3. Comparisons of milk composition. feed intake, and weight changes 
in cows fed concentrate to roughage ratios of 1:2 and 1:3 , trial 
two 
Diet: C D 
Period:^ Pre. Exp. Pre. Exp. 
Measurement^ 
Milk fat (%) 2.63 2.50 3.30 3.08 
Milk protein (%) 3.02 2.99 3.32 3.26 
Milk total solids (%) 11.28 11.28 12.31 12.18 
Milk production (kg/day) 32.9 26.1 29.1 22.2 
Dry matter intake^ (kg/cow/day) 18.9 21.1 
Body wt. changes^ (kg/cow/day) +0.22 +0.57 
^Pre. = Preliminary period; Exp. = Experimental period. 
Each value is an average for five cows. The preliminary period con­
tained four observations per cow, and the experimental period contained 
eight observations per cow. 
c 
Dry matter intake was measured for the experimental period only. 
^Cows were weighed three consecutive days at the beginning and end of 
the experimental period. 
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probably be attributed to the cows on both diets being "off feed" periodi­
cally. Dry matter intake was inversely related to production and was 
reflected in less body weight gain for the cows on diet C compared to 
diet D. 
After evaluating the results of these trials and reports in the litera­
ture, a general conclusion can be made. Fat depression is a fairly con­
sistent result of the type of diet used in these trials. However, milk 
protein production is quite variable and seems to lack enough consistency 
to provide reasonable promise for dietary manipulation of this milk compo­
nent by moderately fat-depressing diets. 
Part II. Preliminary Observations from 
Feeding 1,3-Butanediol to Cattle 
In evaluating the potential of a dietary additive to alleviate milk 
fat depression, certain qualities seem desirable. These are that it should 
be (1) palatable, (2) easily handled and mixed, (3) nontoxic, (4) an effec­
tive cure or preventative, and (5) economical to feed. 1,3-butanediol was 
tested to see how well it satisfied the first four of these qualities. 
Preliminary work by Mehlman et. al» (1971) indicated that 1,3-butanediol 
(BD) was not only an energy source, but in monogastric (rat) metabolism, it 
resulted in a decrease in circulating glucose, an increase in circulating 
ketones, and less fat deposition in adipose tissue. These are all positive 
factors associated with the prevention of milk fat depression. Also, from 
the chemical structure, it is logical that BD could be a precursor of ace­
tate or /G-hydroxybutyrate which are known substrates for milk fat synthesis. 
erature of the use of BD in ruminant diets. Therefore, some preliminary 
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experiments were conducted to see what effect BD might have on appetite and 
physical well being of growing calves and lactating cows. 
Observations on growing heifers 
Five Holstein heifer calves from the Iowa State University dairy herd 
weighing from 180 to 300 kg were fed diets consisting of 5 kg herd replacer 
grain mix^ and 7 kg silage per day. After an adjustment period, three of 
the calves were fed this diet with 5% of the grain mix being replaced with 
BD. Two of the calves were fed the same diet with 10% of the grain mix 
replaced with BD. No appetite depression was experienced, and all calves 
appeared normal during a three-week feeding period. When the BD levels 
were increased to either 15 or 20% in the grain mix, after about a week, 
all five calves became hyperactive and nervous and exhibited muscular trem­
ors. One calf went into shock when a loud noise occurred near the pen. 
They were urinating profusely. A veterinarian diagnosed the symptoms as 
possibly due to poisoning from impurities or to a type of ketosis. Analy­
sis of the BD revealed neither strychnine nor chlorinated hydrocarbon 
insecticide. The animals returned to normal within two to three days when 
BD was removed from the diet. 
After about ten days, the calves were again fed a diet with 10 or 20% 
BD in the grain portion to see if the toxicity symptoms would recur. Five 
days after being returned to the BD diets, urine from all calves was tested 
qualitatively (Ketonetfst, Fort Dodge Laboratories, Inc.) for ketones. The 
ui-ain mix was ou/o corn, ^ 3.36 oacs, iz.D/» soyoean meai, ana aaaea 
vitamins and minerals. 
urine from the three calves on 10% BD was strongly positive for ketones, and 
that from the two calves on 20% BD was moderately positive. This apparent 
discrepancy in ketone concentration was probably because the two calves 
receiving 20% BD were urinating profusely, thus giving a dilution effect. 
The 20% BD calves were, again, very hyperactive, nervous, and showing mus­
cular tremors. 
Blood samples were collected from all five calves, deproteinized, and 
analyzed for glucose and ketones, as described in Part III of this disserta­
tion. Blood glucose values were near normal in all calves, ranging from 45 
to 60 mg/lOO ml. However, blood ketone concentrations were markedly ele­
vated and are given in Table 4 along with urine ketone concentrations (same 
procedure as blood ketones analysis). Normal blood total ketone levels are 
below 10 mg per 100 ml. Thus, these animals had greatly elevated blood 
ketone levels. The ratio of acetone plus acetoacetate to /^-hydroxybutyrate 
was abnormally high in these animals ; normally it is less than one. These 
data are highly suggestive that the cause of toxicity from feeding high 
levels of BD is the buildup of blood ketones. The calves with 10% BD in 
the grain remained on this diet whereas those receiving 20% were returned 
to a herd diet which allowed recovery from the toxicity symptoms. 
After a short recovery period, the two calves (6125-4 and 7126-3) 
which had been given 20% BD in the grain were fed 5%, and the other three 
continued receiving 10% BD in the grain. During the recovery period, the 
roughage in the diets of all animals had been changed from silage to 
alfalfa hay. Two days after the change to 5% BD, urine from all calves was 
uoux V ucaLcu à.\jl ivcuuiicdy ui. xuc i.i.um j. cc.c j. v /o jl>j^ wao 
negative and that from the 10% BD calves was positive as before. Eight 
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Table 4. Blood and urine ketones of growing heifers fed 20% and 10% BD in 
the grain portion of the diet 
Blood ketones Urine ketones 
BD in Acetone Acetone 
Calf grain + /5-hydroxy- Total + /^-hydroxy-
no. % acetoacetate butyrate ketones acetoacetate butyrate 
(mg per 100 ml blood) 
6125-4 20 96.5 4.9 101.4 145 3.7 
7126-3 20 74.8 4.5 79.3 70 1.0 
6122-3 10 23.9 6.8 30.7 207 39.7 
7058-9 10 53.7 4.1 57.8 157 39.3 
7109-5 10 64.8 6.3 71.1 116 9.3 
days after the change, urine was tested again and blood samples were taken 
also. One of the 5% BD calves was negative for urine ketones, and the 
other one, along with the 10% BD calves, was positive. The blood ketones 
were still elevated and concentrations are given in Table 5. 
Comparison of the values in Table 5 with those in Table 4 reveals that 
the calves now receiving 5% BD had much lower total blood ketones than when 
they were receiving 20% BD. However, the calves now receiving 5% BD had 
more /3-hydroxybutyrate than when they had received 20% BD, and the ratio 
of acetone plus acetoacetate to /^hydroxybutyrate was now less than one. 
Total ketone levels were not drastically changed between testing times for 
the animals receiving 10% BD, but there was a dramatic increase in /2-
hydroxybutyrate concentration and a concomitant decrease in acetone plus 
acetoacccate (Table 5 vs. Table 4). Whsthcr such changes are z routine 
part of the adjustment of cattle to BD or whether it is related to feeding 
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Table 5. Blood and urine ketones of growing heifers 
the grain portion of the diet 
fed 5 and 10% BD in 
Blood ketones 
Calf 
no. 
BD in 
grain 
% 
Acetone 
+ -hydroxy-
acetoacetate butyrate 
Total 
blood 
ketones 
Qualitative 
urine 
ketones 
6125-4 5 
(mg per 100 ml blood) 
12 18 30 + 
7126-3 5 4 10 14 -
6122-3 10 15 17 32 + 
7058-9 10 22 26 48 + 
7109-5 10 22 9 33 + 
corn silage versus alfalfa hay is unknown and will require further investi­
gation. 
The qualitative analysis of urine for ketones seems to indicate that 
the threshold for excreting ketone bodies is between 5 and 10% BD in the 
grain mix. The animals receiving 10% BD in the grain had received between 
0.7 and 0.8 kg of total BD each day. The behavioral observations indicate 
that the threshold for hyperactive symptoms was somewhere above 10% BD in 
the grain or above about 0.9 kg of BD consumed daily. 
After these data were taken, the grain intake was restricted to 4.5 kg 
per day with free choice feeding of hay. With the free choice feeding of 
grain used up to this time, some of the heifers had been consuming 7 to 8 
kg per day (0.7 to 0.8 kg of BD on the 10% diet). All animals continued on 
LlilS JléLàly j-egiiue £or six weeks wlLli no appéâLâûéë ûf LOXlc SyniptûmS and 
with an average daily gain of about 1.2 kg per day for the entire period. 
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A qualitative urine ketone test one week after the grain restriction began 
revealed that all five calves were positive, but one of the 5% BD calves 
was only moderately positive and one of the 10% BD calves was strongly posi­
tive. 
These limited observations strongly suggest that calves grow well when 
fed diets containing 5 and 10% BD in the grain. It seemed possible that 
low levels of BD might be fed to lactating cows with no harmful physiologi­
cal effects. 
Observations on lactating cows 
Procedure Three Holstein cows in midlactation were placed on a 
continuous feeding trial which consisted of a two-week preliminary period, 
a six-week fat depression period, and a six-week BD feeding period. During 
the preliminary period, the cows were fed the normal herd diet described in 
Part I. During the fat depressing period, hay was reduced to 3 kg per cow 
per day, and the flaked corn mixture described in Part I was fed at the 
rate of 14.5 kg per cow per day. During the BD feeding period, 5% of the 
grain mixture was replaced by BD and fed at the same level as before. Milk 
was collected three times weekly and analyzed for fat, protein, and total 
solids as described for trial 2-Part I. Urine was periodically tested 
qualitatively for the presence of ketone bodies, and three blood samples 
were tested quantitatively for ketone bodies during the BD feeding period. 
A fourth cow (7133-3) was fed hay ^  libitum plus 4.5 kg of herd grain 
mix (previously described in Part I) with 10% of the grain replaced by BD. 
She continued on this diet for two months. Milk, blood, and urine samples 
were taken and analyzed with those of the other three cows. 
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Results The cows ate their diets quite well during all three peri­
ods with some increase in consumption during the BD feeding period. Quali­
tative urine analysis for ketones was negative during the preliminary and 
fat depressing periods but became strongly positive within one day after 
the cows began receiving BD. These urine samples were also analyzed quanti­
tatively for ketones, and the results are shown in Table 6. 
Two of the cows (5301 and 5924) which had been fed flaked corn and BD 
for only one day had much higher total urine ketones than did cow 7133-3 
which had been on herd ration and BD for over a month. After an eight-day 
adjustment period, the qualitative urine ketone test was negative in two of 
the cows receiving the BD diet and was only slightly positive for the third 
cow. The cow (7133-3) which was fed the normal herd diet and 10% BD in the 
grain gave a strongly positive test for urine ketones each time she was 
tested although she was receiving about the same daily amount of BD as the 
other three cows. This suggests that there is less buildup and excretion 
of ketones when cows fed BD are receiving a high concentrate diet. 
Blood samples taken at various times after starting the BD feeding 
were analyzed for ketone bodies, and the results are presented in Table 7. 
This table also contains a summary of qualitative urine ketone tests con­
ducted when blood samples were taken. 
The data in Table 7 also suggest that cows fed BD in high flaked corn 
diets do not have blood ketone concentrations as high as cows fed BD with a 
normal diet. The ketone concentration which was initially high in the 
urine (Table 6) apparently decreased on the flaked corn diet by day eight. 
Also, the cows seemed to have different thresholds where blood ketones 
began being excreted in the urine because 5301 always gave a positive test 
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Table 6. Urine ketone concentration of lactating cows fed BD 
Days after Acetone 
Cow starting + /^-hydroxy- Total Qualitative 
no. BD feeding acetoacetate butyrate ketones test 
(mg per 100 ml) 
5301 1 70 102 172 -H-
5924 1 40 100 140 -H-
5976 1 13 21 34 ++ 
7133-3 38 27 31 58 44-
Table 7. Blood ketone concentrations of lactating cows fed BD 
Days after 
starting Acetone 
Cow flaked corn + ^-hydroxy- Total Qualitative 
no. and BD feeding acetoacetate butyrate ketones urine ketones 
(mg per 100 ml) 
5301 8 4.2 5.4 9.6 + 
5924 8 3.3 4.3 7.6 -
5976 8 4.7 4.7 9.4 -
7133-3 46 13.0 17.2 30.2 44-
5301 16 3.0 8.7 11.7 4-
5924 16 2.3 3.3 5.6 -
5976 16 2.7 3.3 6.0 -
7133-3 54 6.7 12.5 19.2 4-4-
5301 30 0.9 14.9 15.8 4-
5924 30 0.4 7.9 8.3 -
5976 30 0.2 13.1 13.3 -
7133-3 68 4.8 16.6 21.4 44-
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for urine ketones, but her blood ketone levels were only slightly above 
those for 5924 and 5976. It is interesting that the ratio of acetone plus 
acetoacetate to /^-hydroxybutyrate was usually in the neighborhood of one 
at eight and 16 days after adding BD to the flaked corn diet, whereas at 30 
days, the ratio was much less than one, favoring /3-hydroxybutyrate. 
Whether this alteration takes place as a normal phase of adaptation to BD 
feeding is unknown. 
Contrary to expectation and previous results reported in the litera­
ture (Balch, 1955; Jorgenson et al., 1965; Storry and Rook, 1966), fat 
depression was not very marked on the fat depressing diet. As a result, 
the response to feeding BD was not very conclusive. The milk composition 
data are summarized in Table 8. Both 5301 and 5976 showed little change in 
fat percentage with BD feeding whereas 5924 showed a marked decrease. How­
ever, 5924 had an increase in fat during the flaked corn feeding period 
which is not a normal response. In addition to the decrease in fat during 
BD feeding, 5924 also showed a marked increase in protein percentage and a 
marked decrease in milk production. Milk production decreased during 
flaked corn feeding for 5924 which suggests that her response was not nor­
mal. All three cows showed at least a token increase in protein, and 5301 
and 5976 showed an increase in total solids and essentially no change in 
milk production during BD feeding. The fourth cow, 7133-3, also had a good 
appetite, consistent production, and no major change in milk composition 
while being fed BD. The cows showed no ill effects from consuming BD, and 
they gained weight during this period. 
^ ^ 4* m * ^  m ^ ^ ^  ^  ^ J m mm ^ mm ^   ^ .# a M ^ A J ^ ^ ^  * 1 J X* <C A >3 ^ xii ULi J.O i_ xixvAXwoL.wva uiiou uu lj C. J. W VA a, L. 
moderate levels to lactating cows or growing calves with no appetite 
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Table 8. Milk composition for individual cows being successively fed herd 
ration, flaked corn, and flaked corn plus BD 
Experimental period Change 
Milk Preliminary Flaked corn BD with BD 
constituent Cow % % % "L 
Fat 5301 2.96 2.76 2.84 +.08 
5924 3.48 3.95 3.25 -.60 
5976 2.79 2.43 2.38 -.05 
Ave. 3.08 3.05 2.82 -.23 
Protein 5301 3.01 3.02 3.04 +.02 
5924 3.52 3.78 4.68 + .90 
5976 3.40 3.31 3.46 +.15 
Ave. 3.31 3.37 3.72 +.35 
Total 5301 11.26 10.87 11.24 +.37 
solids 5924 12.68 13.29 13.19 -.10 
5976 11.64 11.25 11.59 +.34 
Ave. 11.86 11.80 12.01 +.21 
Milk 
production 5301 20.0 19.3 19.5 +0.2 
5924 21.5 16.9 12.3 -4.6 
5976 18.8 19.5 19.5 0 
Ave. 20.1 18.6 17.1 -1.5 
depression or adverse physiological effects. BD was easily handled and 
mixed in the grain. Whether BD is beneficial in preventing milk fat depres­
sion must be tested further. BD seems to have a moderate ketotic effect at 
these levels although animals seemed to adapt with prolonged BD feeding. 
Too high a level of BD feeding could result in very adverse symptoms and 
poor physiological performance. 
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Part III. Alleviation or Prevention of Milk 
Fat Depression in Lactating Cows 
by Feeding 1,3-Butanediol 
In milk fat depression in lactating cows, two situations may be 
encountered. In one situation, the dairyman may be feeding what he thinks 
is a proper diet for high production and finds that the fat content of the 
cows' milk decreases to a low level. Then he needs to either change the 
diet or add something which will alleviate the condition. In the second 
situation, the dairyman may, in a desire for automation or because of high 
roughage prices, feed a high concentrate diet which promotes milk fat 
depression. Then he needs a feed additive to prevent a decline in milk fat 
production. Both of these situations were kept in mind in planning the 
research described in this section. 
Procedure 
Trial one Ten Holstein cows in early to midlactation were fed the 
usual Iowa State University dairy herd diet described in Part I for a two-
week preliminary period beginning November 3rd. Then the cows were allo­
cated to two groups of five cows each. After a slow change over period of 
about ten days, all cows were fed a fat depressing diet. This diet con­
sisted of 3.5 kg hay/day and a flaked corn mix (described in Part I) fed 
according to appetite. The fat depressing period lasted six weeks. Fol­
lowing this period, one group (cows 6132, 6145, 6171, 5923, and 5887) con­
tinued to be fed the fat depressing diet for seven weeks, and the other 
group (cows 7133-3, 5388, 6135, 6151, and 6159) was fed the same diet with 
5% of the grain being replaced with 1,3-butanediol. The total ration, 
including hay, would have contained about 4% BD. 
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Milk samples were collected three times a week during the preliminary 
period and two times weekly during each of the experimental periods. Fat 
and total solids content were determined as in trial two of Part I while 
protein content was determined by the macro Kjehldahl method. Milk weights 
were recorded for each day that samples were taken. 
Jugular blood samples were taken from each cow twice during the pre­
liminary period and three times at two-week intervals during each experi­
mental period. Two protein-free filtrates were prepared from each sample, 
one by the barium:zinc method of Somogyi (1945) and the other by the sodium 
tungstate;sulfuric acid method of Folin and Wu (1919). Filtrates were fro­
zen until analyzed. The barium:zinc filtrate was analyzed for glucose by 
the glucose oxidase method (Worthington Biochemical Corporation). The 
tungstate:sulfuric acid filtrate was analyzed for acetone plus acetoacetate 
by the method of Reid (1960) as modified by Sutton £t al. (1963) and for 
/?-hydroxybutyrate by the enzymatic method of Williamson and Mellanby 
(1965). 
Rumen fluid was taken from each cow with the aid of a vacuum pump. 
This pump was connected to a tygon tube having a stainless steel strainer 
attached to the end. The tube was inside a heavy steam hose. Rumen fluid, 
taken immediately after each individual blood sample, was collected twice 
during the preliminary period and three times during each experimental 
period. pH was determined immediately with a Corning Model 12 pH meter. 
Then the samples were centrifuged at 17,300 x gravity, and 1 ml of freshly 
prepared 25% metaphosphoric acid was added to 5 ml of the supernatant. 
This Ti>ixt','î"o tyaç ?g2in cçntrifugçd at 17^300 x cravit-v and tthe snnernatant 
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frozen until analysis. It was later analyzed for volatile fatty acid con­
tent on an Aerograph Hy-Fi, Model 600, gas-liquid chromatograph. 
Trial two For two weeks, beginning March 5th, ten Holstein and two 
Brown Swiss cows were fed the same preliminary diet described for trial one 
of this section. Then they were allocated into two groups balanced accord­
ing to age, stage of lactation, previous milk and milk fat production, and 
breed. One group (cows 5556, 5924, 6051, 6095, 6096, and 6186) was slowly 
changed to the fat depressing diet described in trial one of this section. 
The other group (cows 5613, 5942, 6059, 6071, 6089, and 6199) was fed the 
same diet with 5% of the flaked corn mixture replaced by 1,3-butanediol 
(BD). The fat prevention (or BD feeding) period lasted six weeks. Then 
all cows were changed back to their preliminary diets for a three-week 
post-experimental period. 
The six experimental cows were housed in the Iowa State University 
dairy maternity barn while the control cows were housed in the main barn. 
This housing arrangement was followed so milk produced during the BD feed­
ing could be kept separate and either fed to calves or poured out. 
Seven milk samples were taken during the preliminary period, and sam­
ples were taken twice weekly during the experimental period. Fat, protein, 
and total solids content were determined as described in trial one of this 
section. Milk weights were recorded on sample days. Blood and rumen fluid 
samples were collected twice during the preliminary period and four times 
during the experimental period. They were collected and analyzed as previ­
ously described in trial one of this section. Following the BD feeding 
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experimental period and analyzed for milk fat content. Milk weights were 
recorded for each sampling day. 
Results and discussion 
Trial one In this trial, ten cows were originally allocated with 
five as control cows and five to be fed the experimental BD diet. Two con­
trol cows and one BD fed cow were omitted from the final data analysis. 
One control cow (5923) was late in lactation, and her milk fat percentage 
increased during the supposed fat depressing period. Therefore, she could 
not be used for alleviation of milk fat depression. The other control cow 
(5887) was inadvertantly fed silage during the BD feeding period, and her 
fat percent increased. The BD fed cow (5388) eliminated from the data sum­
mary became ill during the BD feeding period. She would not eat much of 
her feed and seemed to be very depressed for about two weeks. Therefore, 
the following discussion and data tables represent three control cows and 
four BD fed cows. 
The objective of this trial was to take a group of cows on a normal 
diet and producing a normal amount of milk fat, feed them a diet which 
depressed fat production, and then by adding BD to the fat depressing diet 
determine whether BD was effective in alleviating the depressed fat produc­
tion. The controls were included to eliminate the effects of other sources 
of environmental variation. 
Milk production and milk fat content averages are given in Table 9. 
Total milk production and fat content were substantially different between 
control and BD fed groups during the preliminary period. However, since we 
were interested in the amount of change between periods, this was not a 
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Table 9. Effects on production, fat percent, fat production, 
cent, and total solids percent of milk from feeding 
diol to cows on a fat-depressing diet 
protein per-
1,3-butane-
Dietary period 
Group Preliminary Fat-depression BD feeding 
BD fed 
Control 
Milk production (kg/day) 
18.0 18.5 
21.7 20.9 
19.1 
21.0 
BD fed 
Control 
Milk fat (%) 
3.79 2.69 
3.36 1.98 
3.49 
2.07 
BD fed 
Control 
Milk fat production (kg/day) 
0.68 0.50 
0.72 0.41 
0.67 
0.43 
BD fed 
Control 
Milk protein (%) 
3.20 3.43 
3.21 3.51 
3.57 
3.56 
BD fed 
Control 
Total milk solids (%) 
12.97 11.81 
12.31 11.19 
12.80 
11.46 
serious weakness. Fat depression was slightly greater during the fat 
depressing period for the control group, but both groups showed a substan­
tial drop. The major difference in response between groups was during the 
BD feeding period. The control cows showed little or no recovery in fat 
production while the BD fed cows had a total fat production rate nearly as 
high as in the preliminary period. Statistical analysis of this data indi­
cated that the difference in response was just short of significance at the 
57o level. Milk production was not affected very much in either group dur-
iTIP i-hm fat Hpn-rpssinj nr RD feeding periods. When one considers that this 
experiment was conducted over a three-month period when the normal lacta­
45 
tion curve should be declining, it indicates that BD can be fed during lac­
tation without adversely affecting milk production. 
Milk protein and total solids content values are also presented in 
Table 9. Milk protein content increased similarly during the fat depressing 
and BD feeding period for both groups. This agrees with the results of 
many other studies on fat depression. It also indicates that fat depres­
sion can be alleviated without reversing the trend toward higher protein 
production on a high concentrate diet. Total solids production seemed to 
reflect fat production quite closely in both groups. 
Average concentration values for blood ketones and blood glucose are 
given in Table 10. Feeding the fat depressing diet resulted in a decrease 
in total blood ketone concentration for both groups, but the response was 
much greater in the BD fed than in the control group. However, the BD fed 
group had a much higher initial average. During the BD feeding period, 
total ketones rose over two-fold for the BD fed group while the control 
group continued to decline. The ratio of acetone plus acetoacetate to 
y)-hydroxybutyrate remained fairly constant for the control group in all 
three periods while in the BD fed cows, this ratio narrowed during fat 
depression and widened again slightly during BD feeding. These data seem 
to indicate that BD feeding will increase the concentration of ketone bod­
ies in the circulating blood with the major effect being on y?-hydroxybuty-
rate levels. 
Glucose concentrations were very similar for both the control and BD 
fed groups in all three periods. There was a drop in blood glucose concen­
tration in both aroi.'ps Hnrino f-hm fa-depressing neriod and a recovery in 
both groups during the period when BD was added to the experimental group. 
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Table 10. Effects on total ketones, acetone plus acetoacetate, /S-hydroxy-
butyrate, and glucose in blood from feeding 1,3-butanediol to 
cows on a fat-depressing diet 
Dietary period 
Group Preliminary Fat-depression BD feeding 
BD fed 
Control 
Total ketones (mg/100 ml) 
5.13 2.32 
3.06 2.96 
6.06 
1.76 
BD fed 
Control 
Acetone + acetoacetate (mg/100 ml) 
0.39 0.53 
0.38 0.54 
1.15 
0.21 
BD fed 
Control 
/3-hydroxybutyrate (mg/100 ml) 
4.74 1.79 
2.68 2.42 
4.91 
1.55 
BD fed 
Control 
Glucose (mg/100 ml) 
59.2 43.3 
61.6 42.0 
52.4 
52.6 
None of the values could be considered particularly abnormal, and BD feed­
ing seemed to have little effect on blood glucose. 
Rumen fluid pH and volatile fatty acid ratios are given in Table 11. 
The trends here are difficult to determine. Rumen fluid pH readings gave 
no expected trends being equal in all periods for controls and going up 
during fat depression and then down slightly during BD feeding for the BD 
fed group. This would be opposite to expected values when compared to the 
milk fat production data. During the preliminary period, volatile fatty 
acid concentrations were normal with molar percent acetate to propionate to 
butyrate being about 65:20:10, respectively. During the fat depressing 
oH , t*hp arpfafA'nrnninnafe -rot-nn npTTnr.tAH mtmVi mn-ro i n f hf» rnnf-fnl 
group than it did in the BD fed group. No explanation for this difference 
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Table 11. Effects on rumen pH and volatile fatty acid ratios from feeding 
1,3-butanediol to cows on a fat-depressing diet 
Group 
Dietary period 
Preliminary Fat depression BD addition 
BD fed 
Control 
BD fed 
Control 
BD fed 
Control 
BD fed 
Control 
6 . 0  
6 . 0  
Rumen pH 
6.3 
6.0 
Acetate (molar %) 
64.7 56.9 
68.2 49.9 
Propionate (molar %) 
20.9 31.6 
19.2 40.3 
Butyrate (molar %) 
11.2 7.2 
10.3 4.6 
6 . 2  
6 . 0  
53.4 
46.2 
30.2 
40.7 
13.6 
8.4 
is apparent. In the BD feeding period, acetate concentration for both 
groups continued to decline slightly while propionate was essentially 
unchanged. Butyrate concentration declined during the fat depression 
period and recovered during the BD feeding period for both groups. However, 
an examination of individual volatile fatty acid determinations indicated 
that butyrate concentration tended upward for the BD fed group and leveled 
off for the control group. 
Feed intake and body weight changes are given in Table 12. Feed 
intake was more than adequate to supply energy needs in both groups. It 
was a little higher for the controls compared to the BD fed group. This 
was reflected in the body weight gain with controls having a higher weight 
gain in both experimental periods. 
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Table 12. Effects on feed intake and body weight gain from feeding 
1,3-butanediol to cows on a fat-depressing diet 
Dietary period 
Group Fat depression BD feeding 
Air-dry feed intake (kg/cow/day) 
BD fed 14.5 14.5 
Control 15.9 15.9 
Body weight change (kg/cow/day) 
BD fed +0.19 +0.77 
Control +0.48 +1.00 
An overall view of this trial indicates that BD has promise as a cure 
for milk fat depression from high flaked corn diets. The fat production of 
BD fed cows versus controls shows a definite trend in favor of BD feeding 
even though there were too few animals to attain statistical significance. 
Interpretation of the blood and rumen fluid data is not clear. Ketone pro­
duction in the BD fed group was substantially higher than controls and fol­
lowed previously experienced trends in other studies during alleviation of 
fat depression. However, there was neither a widening of the acetate to 
propionate ratio nor an increase in rumen pH for the BD fed group, both of 
which have been evident in other studies where fat depression was allevi­
ated. Substituting hay for silage as the roughage fed with flaked corn 
increased feed consumption. As a result, total milk production was main­
tained much better than in the trials described in Part I where cows going 
"off feed" was a problem. There was nothing to indicate any adverse effect 
of BD on lactating cows' performance, and it was decided to try BD in an 
experiment to prevent fat depression using a larger number of cows. 
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Trial two The 12 cows in this trial were divided into two groups 
balanced for milk and fat production in the preliminary period. All 12 
cows continued through both periods, and all data were included in the anal­
ysis. These cows were earlier in lactation and producing at a higher level 
than those used in trial one. 
The objective was to take a group of cows on a normal diet with normal 
fat production and feed them a fat depressing diet with or without BD added. 
In this way, we could determine whether BD added to the fat depressing diet 
would prevent fat depression. The controls were again included to elimi­
nate other sources of environmental variation. 
Milk production and milk fat content averages are given in Table 13. 
Total milk production and milk fat production were nearly equal for the two 
groups during the preliminary period. There was a substantial difference, 
however, in milk fat percentage between the two groups during the BD feed­
ing period with the BD fed group having a much higher milk fat content. In 
addition, total milk production increased slightly for the BD fed group but 
declined slightly for the controls. As a result, total fat production 
decisively favored the BD fed group by 0.31 kg/day during the BD feeding 
period. This difference was statistically significant (P<0.05). During 
the postexperimental period when returned to the herd ration, both groups 
declined in milk production. However, fat percentage increased for both 
groups, and this resulted in nearly constant total fat production for the 
BD fed cows and a substantial recovery for the controls. 
Milk protein and total solids data are also included in Table 13. 
"ilk protein production increased slightly for both groups in the BD feed­
ing period, but there was little difference between the groups. This indi-
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Table 13. Effects on production, fat percent, fat production, protein per 
cent, and total solids percent of milk from feeding 1,3-butane-
diol to prevent milk fat depression 
Dietary period 
Group Preliminary BD feeding Postexperimental 
BD fed 
Control 
Milk production (kg/day) 
29.3 30.4 
31.3 29.6 
24.7 
26 .6  
BD fed 
Control 
Milk fat (%) 
3.11 
3.03 
2.67 
1.70 
3.08 
2.95 
BD fed 
Control 
BD fed 
Control 
Milk fat production (kg/day) 
0.91 0.81 
0.95 0.50 
Milk protein (%) 
3.13 3.27 
3.22 3.39 
0.76 
0.85 
BD fed 
Control 
Milk total solids (%) 
11.96 11.54 
11.85 10.66 
cates again that the positive effect BD feeding has on fat production does 
not affect the usual increase in milk protein that occurs from a fat-
depressing diet. Total solids reflected milk fat production quite closely. 
Values for blood ketone and blood glucose concentrations are given in 
Table 14. Comparison between preliminary and BD feeding periods indicate a 
slight drop in total ketones for the BD fed cows and a substantial drop for 
the control cows during the BD addition period. However, the major differ­
ence in response between the two groups was in the acetone plus aceto-
SJ r" O t* O f V O r* t- •» /"W* TT-* n T) Ti f A A r>  ^r% r%1 r^ y-, . 
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Table 14. Effects on total ketones, acetone + acetoacetate, /?-hydroxy-
butyrate, and glucose in blood from feeding 1,3-butanediol to 
prevent milk fat depression 
Dietary period 
Group Preliminary BD feeding 
Total ketones (mg/100 ml) 
BD fed 3.43 
Control 2.28 
3.00 
1.20 
Acetone + acetoacetate (mg/100 ml) 
BD fed 0.59 
Control 0.31 
1.18 
1.20 
/?-hydroxybutyrate (mg/100 ml) 
BD fed 2.85 
Control 1.99 
1.82 
0.98 
Glucose (mg/100 ml) 
BD fed 39.3 
Control 40.2 
23.0 
22.3 
increased in the BD feeding period while the controls decreased. 
/3-hydroxybutyrate changed about the same amount for both groups. 
Blood glucose response was similar for both groups in the BD feeding 
period with nearly a 50% drop for both groups. This was not expected as it 
did not occur to this extent in trial one, and cows on fat depressing diets 
usually increase or remain equal in blood glucose concentration. EDTA 
replaced heparin as the anticoagulant during the BD feeding period. 
Whether EDTA could affect the glucose analysis has not been tested. 
Rumen pH and volatile fatty acid values are given in Table 15. Rumen 
pH increased during the BD feeding period for the BD fed cows but decreased 
"Fnr rnnfrnl potiTR. A Imeiral evnlanafinn -fmr f-hp nTT inrrAasA fnr t*hp 
cows fed BD is not apparent. Volatile fatty acid values indicate a similar 
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Table 15. Effects on rumen pH and volatile fatty acid ratios from feeding 
1,3-butanediol to prevent milk fat depression 
Group 
Dietary period 
Preliminary BD feeding 
pH 
BD fed 6.3 
Control 6.2 
Acetate (molar %) 
BD fed 61.5 
Control 58.0 
Propionate (molar %) 
BD fed 26.6 
Control 27.3 
Butyrate (molar %) 
BD fed 12.9 
Control 12.7 
6.5 
5.9 
53.4 
49.4 
36.4 
37.0 
11.2 
10.4 
acetate:propionate response for both groups in the BD feeding period (nar­
rowing of the acetate propionate ratio). However, individual values not 
shown in the averages indicate a definite trend toward a wider acetate: 
propionate ratio in the BD fed cows but no such trend in the controls. 
Butyrate values were not greatly different between groups and declined 
slightly during the BD feeding period. 
Feed intake and body weight changes are given in Table 16. Control 
cows ate more than the BD fed cows, but the difference was slight. However, 
the feed intake for both groups was much higher than in trial one. BD fed 
cows lost weight while control cows gained weight. This suggests that the 
increased milk fat for the BD fed group could be associated with fat mobi­
lization. One problem associated with feeding high concentrate diets has 
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Table 16. Effects on feed intake and body weight change from feeding 
1,3-butanediol to prevent milk fat depression 
Group BD feeding period only 
Air dry feed intake (kg/cow/day) 
BD fed 17.7 
Control 18.4 
Body weight change (kg/cow/day) 
BD fed -0.17 
Control +0.52 
been the overfattening of lactating cows, and BD seems quite helpful in 
preventing this. 
An overall evaluation of this trial substantiates the conclusion drawn 
after trial one that BD has possibilities as a preventative for milk fat 
depression. The greater number of cows and more uniform response of both 
groups, particularly the controls, enabled the milk fat production data to 
attain statistical significance. Two of the experimental cows (6059 and 
6199) suffered a drop in milk fat percentage but a substantial rise in 
daily milk production. The other four maintained milk fat production at 
nearly the same rate as during the preliminary period. Figure 1 is a graph 
of the weekly milk fat percentage averages for control and BD fed cows. 
This graph shews that both groups suffered fat depression during initial 
flaked corn feeding. However, the BD fed cows experienced a remarkable 
recovery in milk fat production while the control cows remained low in the 
latter half of the BD feeding period. Both groups returned to about the 
sanie level as in the prelirsinary period vhen the flaked ecrn-restrieted hay 
diet was discontinued. 
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WEEKS 
Figure 1. Weekly averages of milk fat percentages for cows fed a high con­
centrate diet with and without 1,3-butanediol 
The blood and rumen fluid picture was somewhat different in this trial 
compared to trial one. Ketone body concentrations did not show the 
response previously experienced from BD feeding in the experimental group 
but did decline substantially for the controls. Blood glucose levels were 
surprisingly low in the flaked corn diets for both BD fed and control cows. 
This is opposite from the usual response on a fat-depressing diet. 
BD feeding seemed to widen the acetate:propionate ratio in this trial 
while butyrate levels were increased for BD fed cows in trial one. Rumen 
pH followed the expected trend for fat depression, going up for experimen­
tal cows and down for control cows during the BD feeding period. Body 
weight loss in BD fed cows and gain in controls was the expected response, 
considering BD's theoretical potential for fat mobilization. 
Part IV. The Effects of Feeding 1,3-Butanediol 
to Growing Calves 
This experiment was designed to explore some of the rumen fermentation 
and blood changes associated with fat depressing diets and to observe how 
these changes might be affected by feeding 1,3-butanediol. The diets used, 
which are described later, were very similar in concentrate to forage pro­
portions to the diets used in the lactating cow experiments. The high 
flaked corn diet was similar to the fat-depressing diet, and the low flaked 
corn diet was similar to the preliminary or normal herd diet. Blood glu­
cose concentration, blood ketone concentration, and rumen pH and volatile 
fatty acid concentration were observed to see whether any changes were evi­
dent on each diet with or without BD. In addition, feed intake and body 
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Procedure 
One Brown Swiss and 11 Holstein male calves and four Holstein female 
calves ranging in weight from 123 to 278 kg were blocked according to age, 
weight, sex, and previous dietary background into four groups of four 
calves each. They were randomly allocated to four experimental diets as 
follows: A. 80% flaked corn mix^:20% pelleted alfalfa, B. 80:20 flaked 
corn and alfalfa (same as A) with 8% of the diet replaced by BD, C. 40% 
flaked corn mix:60% pelleted alfalfa, and D. 40:60 flaked corn and alfalfa 
(same as C) with 8% of the diet replaced by BD. During a four-week prelim­
inary period, groups A and B were fed diet A and groups C and D were fed 
diet C. Then groups B and D were changed to the 8% BD diets while groups A 
and C remained on the same diet as during the preliminary period. In about 
three days, the calves on the 8% BD diets exhibited toxic symptoms similar 
to those described in Part II of this dissertation. It was decided that 8% 
BD was too high, and the BD content of diets B and D were reduced to 4% BD. 
Then the calves were fed these diets for a six-week experimental period 
with groups A and C remaining on their diets with no BD added. Following 
this period, one calf was removed from each group and sold because they had 
become too large for the individual pens and were difficult to handle. The 
remaining three calves on both diets B and D were fed a 6% BD diet for ten 
days and then an 8% BD diet for ten days. This was designed to test 
whether these calves would adapt to gradually increasing levels of BD in 
the diet. The remaining calves on diets A and C continued to receive the 
diets with no BD. 
Composition described in Part I. 
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All calves were weighed once weekly and on two successive days before 
the preliminary period, before the BD feeding period, before being placed 
on the 6% BD diets, and at the end of the experiment. Blood and rumen sam­
ples were collected twice during the preliminary period, four times during 
the 47o BD feeding period, and once each during the 6 and 8% feeding periods. 
Collection, processing, and analysis of these samples were the same as 
described for blood and rumen samples in Part III. 
Results and discussion 
Shortly after beginning the preliminary period, almost all the calves 
in this study became afflicted with a respiratory infection. Therefore, 
the preliminary period was about two weeks longer than the two weeks origi­
nally planned. However, nearly all calves seemed to recover from the 
infection, and feed intake and weight gain did not seem to be affected. 
Body weight gain and feed intake averages are given in Table 17. 
Since groups A and B were fed the same diet and also groups C and D were 
fed the same diet during the preliminary period, it is surprising that 
weight gains were not more alike. This discrepancy can be partially 
explained in group C because one calf (1035) was slow to recover from the 
respiratory infection. An increase in rate of gain definitely favored the 
BD fed calves on both the high and low grain diets during the 4% BD feeding 
period. However, when rates of BD feeding increased to 6 and 8% of the 
diet, there was a decidedly adverse effect on weight gain, and some calves 
developed toxic symptoms. This indicates that the level of BD feeding is 
very important in calf performance. 
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Feed intake was higher for groups A and D compared to groups B and C 
during the preliminary period. These differences remained during both BD 
feeding periods. The calves on the 6 and 8% BD diets ate more feed than 
during the 4% BD period even though rate of gain dropped very substantially. 
A major consideration in Table 17 is the feed efficiency data. During 
the preliminary period, feed efficiency favored groups A and D which were 
eating the largest amount of feed. However, during the 4% BD feeding 
period, feed efficiency definitely shifted in favor of the BD fed calves 
(groups B and D). This was particularly dramatic in the high grain group 
where feed efficiency actually improved during BD feeding even though the 
calves were advancing in age when feed efficiency normally declines. The 
higher BD feeding levels of the 6 and 8% BD feeding period resulted in lower 
efficiency reflecting the poorer rate of gain for the BD fed calves. One 
thing that should be discussed here is the week after the preliminary 
period when the calves in groups B and D were fed 8% BD for a few days. 
This week was not included in the data given in Table 17. Since there is a 
possibility that the data could have been biased in favor of the BD calves 
by eliminating this week from consideration, due to compensatory growth, 
daily weight gain and feed efficiency data were calculated with this week 
included (seven weeks instead of the six weeks given in the table). In 
this case, average daily gains during the 4% BD feeding period were as fol­
lows: group A-1.74 kg/day, group B-1.43 kg/day, group C-1.19 kg/day, and 
group D-1.46 kg/day, and feed efficiency was in kg feed/kg gain for A-5.16, 
B-4.03, C-5.98, and D-5.41. Based on this calculation, group B did not 
have an advantage in «eight gain but both groups B and D T-jhich T-7ere fed BD 
still have an advantage in feed efficiency. 
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Table 17. Effects of feeding high and low grain diets with and without 
1,3-butanediol to growing calves on body weight gain, feed 
intake, and feed efficiency 
Dietary period 
Groupé Preliminary 4% BD feeding 6 and 8% BD feeding 
Average daily gain (kg/day) 
A 1.60 1.80 1.42 
B 1.07 1.80 0.88 
C 0.84 1.18 1.28 
D 1.40 1.89 0.69 
Average feed intake (kg/day) 
A 6.03 8.86 9.02 
B 4.56 5.98 6.74 
C 4.91 7.25 7.50 
D 5.85 8.05 9.56 
Average feed efficiency (kg feed/kg gain) 
A 3.77 4.92 6.35 
B 4.26 3.32 7.66 
C 5.84 6.14 5.86 
D 4.18 4.26 13.85 
^Diets were as follows: A. 80% flaked corn mix, 20% alfalfa pellets; 
B. 76.8% flaked corn mix, 19.2% alfalfa pellets, 4% 1,3-butanediol; 
C. 40% flaked corn mix, 60% alfalfa pellets; D. 38.4% flaked corn mix, 
57.6% alfalfa pellets, 4% 1,3-butanediol (also refers to Tables 18 and 19). 
On the other hand, including week five in the calculations could bias 
the data against the BD fed calves so weeks seven through 12 were used to 
calculate an alternative set of data. In this case, average daily gains 
were in kg/day: A-1.75, B-1.75, C-1.30, and D-1.94. Feed efficiency in 
kg/feed/kg/gain was: A-5.16, B-3.53, C-5.64, and D-4.30. This suggests 
that calves fed high roughage gain faster when fed BD (group D versus 
group C) and that feed efficiency is markedly improved by adding BD to 
either high or low roughage diets. 
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Rumen pH and volatile fatty acid data are given in Table 18. There 
was a decidedly lower rumen pH on the high grain diets, but there seemed to 
be little effect from BD feeding. There was a substantial difference 
between high and low grain diets in volatile fatty acid ratios with the 
high grain diets (A and B) having a narrower acetate to propionate ratio 
than the low grain diets (C and D). BD feeding had little effect on these 
ratios, however. There was a decided drop in butyrate concentration in 
group B after BD feeding started. This was the group with the largest 
increase in feed efficiency during the 4% BD feeding period. No explana­
tion is given for this result. 
Blood ketones and blood glucose values are given in Table 19. Total 
blood ketone concentration showed an upward trend for the BD fed calves 
(groups B and D) during the 4% BD feeding period and a sharp rise during 
the 6 and 8% BD feeding period. Nearly all this increase was in the ace­
tone plus acetoacetate portion. The groups of calves on diets A and C 
(without added BD) indicated a slight downward trend in total ketones with 
slightly higher values for the low grain diet (diet C) in all three periods. 
This data confirms our preliminary work in Part II where the higher levels 
of BD feeding resulted in large increases in the acetone plus acetoacetate 
portion of blood ketones. Also, from previous experience, one would expect 
higher ketone levels on a lower concentrate diet. Blood glucose values 
show little effect from BD feeding (diets A and C versus diets B and D), 
but there was a downward trend in all groups as the experiment progressed. 
In summarizing the results of this calf feeding study, several fea­
tures can be nnfed First, calves T»ill eat feed vith BD added v/ith no 
noticeable appetite depression. Second, BD feeding at the 4% level seemed 
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Table 18. Effects of feeding high and low grain diets with and without 
1,3-butanediol to growing calves on rumen pH and rumen volatile 
fatty acid ratios 
Dietary period 
Groupé Preliminary 4% BD feeding 6 and 8% BD feeding 
Rumen pH 
A 5.5 5.5 5.6 
B 5.6 5.4 5.6 
C 6.4 5.8 5.9 
D 6.4 5.9 6.0 
Acetate (molar %) 
A 43.2 43.5 49.2 
B 37.6 43.3 48.2 
C 59.6 58.4 58.5 
D 60.0 55.6 61.0 
Propionate (molar %) 
A 44.9 46.3 42.3 
B 41.9 44.0 43.3 
C 26.3 28.4 24.8 
D 27.6 30.5 25.4 
Butyrate (molar %) 
A 9.3 6.9 4.9 
B 17.9 8.9 5.4 
C 11.1 11.0 13.4 
D 10.6 11.7 11.3 
to have a definite growth promoting effect in this trial. The feed effi­
ciency for the high grain calves on 4% BD was outstanding. In addition, 
the rate of gain for the BD fed calves on the low grain diet was impressive 
considering the much lower caloric density of this diet. Third, feeding BD 
at 6 and 8% of the diet had an adverse effect on growth performances as 
well as a return of toxic symptoms. This indicates that the response to BD 
fppding is (ippendent on th? Ipvpl inrlnrlpd in f:hp diet. 
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Table 19. Effects of feeding high and low grain diets with and without 
1,3-butanediol to growing calves (blood ketones and blood glu­
cose) 
Experimental period 
Group* Preliminary 4% BD feeding 6 and 8% BD feeding 
Acetone + acetoacetate (mg/100 ml) 
A 0.226 0.474 0.438 
B 0.214 1.109 9.763 
C 0.245 0.526 0.883 
D 0.292 1.495 12.483 
/9-hydroxybutyrate (mg/100 ml) 
A 1.774 1.391 1.309 
B 2.778 2.809 1.657 
C 2.918 2.221 1.868 
D 2.904 4.192 4.200 
Total ketones (mg/100 ml) 
A 2.000 1.865 1.747 
B 2.992 3.918 11.420 
C 3.163 2.747 2.751 
D 3.196 5.687 16.683 
Glucose (mg/100 ml) 
A 53.9 57.9 31.1 
B 55.2 58.9 35.5 
C 53.7 60.0 37.3 
D 54.9 54.5 28.9 
Rumen fluid pH and volatile acid figures were not very conclusive. It 
was surprising that butyrate concentration in the high grain BD diet 
declined which was opposite to our results in trial one of Part III. 
Blood ketone values indicate that BD feeding increases the concentra­
tion of circulating ketones, particularly the acetone plus acetoacetate 
portion. This effect was more pronounced when BD feeding levels were 
increased to 6 and 8% of the diet. Blood glucose was little affected by BD 
feeding. 
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GENERAL DISCUSSION 
The purpose of this discussion will be to explore the significance of 
the results obtained in this research, to relate the results to those of 
other investigators, and to suggest other investigations which may logi­
cally follow this study. The discussion will be divided into four parts to 
parallel the sequence of studies reported in the Experimental section of 
this dissertation. 
Milk Composition Studies with Varied 
Concentrate to Roughage Diets 
The motivation to undertake this study came from two sources. First, 
high quality protein is needed in the human diet, and providing this pro­
tein is a major problem in meeting the world requirements for human food. 
Milk protein can be produced more cheaply than most other animal proteins 
and is also of very high quality. If a diet could be fed to lactating 
dairy cows which would increase milk protein production without substan­
tially reducing milk fat production or overall production efficiency, this 
would allow milk production to play an even greater role in providing pro­
tein for man. 
The second motivating factor was that some studies in the literature 
indicated this type of diet might be feasible. Van Soest (1963) stated 
that there was a threshold of concentrate feeding where energy efficiency 
of milk production was at a maximum. He suggested that this threshold was 
approximately at the point where milk fat began to be depressed. Elliot 
(1962) reported a study where a moderately high concentrate diet resulted 
in a small milk fat depression but a gain in overall energy efficiency. No 
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mention of protein production was made, however. Coppock et al. (1964) 
achieved an increase in efficiency of milk production when concentrate made 
up to 50% of the dry matter in the cows' diet. 
With the studies just mentioned and others in mind, the studies 
described in Part I were undertaken. Although a small decrease in milk fat 
percentage was evident with the diets used, increased efficiency was not 
realized because of lowered milk production. The milk protein percentage 
was not changed in trial two, and it was not changed enough in trial one to 
compensate for the loss in production. Much of the production loss possi­
bly could be attributed to the cows being "off feed" often. However, the 
lack of increase in milk protein production is difficult to explain. Ruber 
and Boman (1966b) indicate from their studies that heat treatment of corn is 
not enough to insure increased milk protein production, but the roughage 
must be pelleted or finely ground or restricted in intake. In a series of 
experiments (Jorgenson and Schultz, 1963; Jorgenson and Schultz, 1965; 
Jorgenson e_t al., 1965), Wisconsin workers experienced wide variation in 
milk protein production response from feeding fat depressing diets. One 
can conclude that milk protein production is too variable to be consis­
tently affected by dietary means. 
If further experiments were undertaken in this area, it would be wise 
to substitute hay for silage as the roughage portion of the diet. Also, 
there is a possibility that by using ground corn instead of flaked corn, 
the milk fat depression could be minimized while more energy for increased 
protein production would be provided. However, a workable way to increase 
milk protein production by dietary mean? regains ("n hm plncidated. 
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Preliminary Studies with 1,3-Butanediol 
While being of a definite preliminary nature, the early studies con­
ducted with 1,3-butanediol provided much useful information. BD was easily 
handled and mixed. This was later found to be true also in very cold 
weather. BD did not depress cattle appetites even at levels where toxic 
symptoms became apparent. In light of the increased ketone body concentra­
tions found in blood and urine when BD was fed at higher levels, the feeding 
of BD in dairy herds where lactation ketosis is a problem should be recom­
mended only with great caution. However, herds feeding enough grain to 
cause milk fat depression are not likely to have major problems with 
ketosis. The level at which BD was substituted in the diet was important 
if rapid growth and freedom from toxicity was desired. 
While the response to BD feeding in lactating cows was not conclusive 
in changing milk composition, it did not seem to have any adverse effect 
when fed at the 5% level in the grain of a restricted roughage:flaked corn 
diet. The overall conclusion reached in this series of studies was that BD 
could be fed to cattle of widely different ages without adverse effects, 
but any value BD might have in improving performance remained to be proved. 
Lactating Cow Studies with 1,3-Butanediol 
Results of the two lactating cow studies indicated that BD has possi­
bilities for preventing milk fat depression. Milk fat production was con­
sistently higher in both trials for the BD fed cows as compared to those 
fed high concentrate without BD during the BD feeding period. In addition, 
the BD fed cows had a slight advantage over the control cows in milk pro­
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duction. In both trials, milk production during BD feeding was higher than 
could be expected at that stage of lactation. 
Wisconsin workers feeding bentonite (Rindsig et al., 1969; Schultz and 
Bringe, 1969) obtained higher fat percentage values than their controls, 
but milk production declined substantially for both groups on the high con­
centrate diet. However, Ruber ejt al. (1969) feeding whey, sodium bicarbon­
ate, and magnesium oxide maintained high milk production while preventing 
milk fat depression. The usual result of a fat depressing diet is a 
decline in both milk production and fat percentage (Jorgenson and Schultz, 
1963; Jorgenson and Schultz, 1965; Jorgenson ejt al., 1965). 
Although milk protein percentage was increased only slightly in both 
trials, the improved milk production with BD results in a definite increase 
in total protein production. Thus it appears that feeding BD may make it 
possible to retain the improved protein production of high grain diets with­
out suffering the common marked decrease in fat production. 
The blood picture was not as consistent between the two trials as was 
milk composition. In trial one, blood ketone concentrations for the BD fed 
cows fell during fat depression and rose during the BD feeding period. 
These changes are consistent with the theory that a ketogenic diet is con­
ducive to milk fat production. However, in trial two, BD feeding and 
improved fat production in the BD fed cows was not accompanied by an 
increase in blood ketone concentrations. No explanation is apparent for 
this varied response although determination of ketone turnover rates might 
provide an explanation. Blood ketone concentrations in the control groups 
in all faf" Hon-rocG-îno- no7--îr*HG -îr» Kr*t*K f-"ris>1c TV»o mainr KInnH o-lti — 
cose concentration decline in trial two for ail cows is difficult to 
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explain. Possibly this is a result of poor analytical recovery due to a 
change in anticoagulant previously mentioned, or there may be increased 
utilization of glucose on flaked corn diets. The marked decrease in blood 
glucose is not consistent with other studies on fat depression diets or 
with theoretical considerations that a high energy diet is conducive to 
increased blood glucose concentrations. 
Rumen fluid pH results for BD fed cows were opposite in trials one and 
two. There is no reason to believe that BD feeding should increase or 
decrease rumen pH, but milk fat depression is usually associated with lower 
rumen pH values. This condition was true for trial two but not for trial 
one. 
Rumen volatile fatty acid averages were not consistent between trials 
for the BD fed cows. In trial one, BD feeding did not reverse the trend to 
a narrow acetate;propionate ratio, but relative butyrate concentration was 
increased. However, in trial two, the trend during BD feeding was defi­
nitely toward a wider acetate:propionate ratio while there was no effect on 
butyrate concentration. In other studies (Emery and Brown, 1961; Miller 
et al., 1964), rumen volatile fatty acid effects from prevention of fat 
depression also were not consistent. 
Differences in body weight changes between BD fed cows and control 
cows were consistent in both trials. The control cows gained a substantial 
t 
amount of weight in both trials while the BD fed cows gained only slightly 
in trial one and actually lost weight in trial two. This adds strength to 
the theory that fat mobilization from adipose tissue is necessary for main-
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fat deposition in adipose tissue. Body composition studies would be neces­
sary to confirm actual changes in lipid mobilization or deposition. 
A number of suggestions could be given for planning future experiments 
with lactating cows utilizing BD. The prevention of fat depression is the 
most desirable experimental design for this type of study. It is not as 
time-consuming and gives more time for studies of the effect of BD feeding 
during peak lactation. The BD feeding period should be continued longer 
than six weeks because the trends in rumen fluid concentration and milk 
protein production are slow to become established. The use of high pro­
ducing cows in early lactation is imperative if useful results are to be 
obtained. However, there is also a definite need to compare either a full 
lactation or at least the last seven months of lactation with several cows 
fed with and without BD. There also might be some merit in feeding BD to 
cows on a normal diet to attempt to increase or maintain milk production. 
Cows 6059 and 6199 experienced a substantial increase in milk production 
(6 to 7 kg/day) when fed BD, and cows 6071 and 5942 increased production 
slightly on the BD diet even though their expected production would 
decrease as lactation advanced. 
In summary, it would seem that BD has possibilities as a dietary addi­
tive to prevent milk fat depression. Nevertheless, more studies are needed 
before any recommendations for use of BD could be made to commercial dairy­
men. 
Feeding 1,3-Butanediol to Growing Calves 
The major initial objective of this study was to observe the effects 
of BD feeding on concentration of blood and rumen fluid constituents. How­
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ever, the most significant results obtained appear to be in the areas of 
feed efficiency and body weight gain. Comparison of the two BD fed groups 
during the 4% BD feeding period indicates that, in this trial, BD had a 
growth promoting effect. One impressive feature was the gain in feed effi­
ciency achieved by both BD fed groups. The high grain, BD fed group used 
even less feed per kg of gain than during the preliminary period. Another 
impressive feature was the outstanding rate of gain shown by the BD fed 
calves on the lower concentrate diet. 
Both rumen pH and volatile fatty acid data indicate a substantial dif­
ference between high and low concentrate diets but little or no effect from 
BD feeding. The acetate:propionate ratio was much wider for the low concen­
trate group, and rumen pH was higher. This is consistent with previous 
experience in feeding these types of diets. The decline in butyrate con­
centration on the high concentrate diet with BD added is difficult to 
explain. Since the calves on the high concentrate without added BD also 
experienced this decline, it could be a function of high concentrate feed­
ing. The absence of effect of BD feeding on rumen fluid values indicates 
that it probably does not affect this area. 
Blood values confirmed our earlier findings that high levels of BD 
feeding are accompanied by dramatic increases in acetone plus acetoacetate 
concentration. BD feeding, however, seemed to have little effect on blood 
glucose concentration. 
In planning future experiments, some suggestions might be helpful. 
There was considerable variation in the apparent growth rate of calves dur-
m «m iM. fK M ** A ^  ^M " A j ' I 'I— Z ^  A  ^m m ««• 1 A  ^"C ^  ^ ^ mil 
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calves a single control diet for a three- to four-week period before alio-
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eating them to the various experimental groups. In this way, groups could 
be balanced according to preliminary growth rates. Although the number of 
animals in this study was large enough for reaching preliminary conclusions, 
larger groups would be desirable to substantiate the trends. It might be 
better to use steers instead of bulls so they could be carried to heavier 
weights. Also, a longer trial would probably give more conclusive results. 
Analyses of body composition will be required before the value of the body 
weight changes can be properly evaluated. 
In summary, BD feeding to growing calves in this trial had a growth 
promoting effect which was impressive with the lower concentrate diet. 
Many people feel, in view of the world population situation, that concen­
trate feeding to cattle will have to be decreased in the future. If BD can 
consistently increase growth rate on a high roughage diet, its place in 
cattle feeding is assured. The increased feed efficiency on the high con­
centrate diet with BD added is also impressive. If BD can consistently 
reduce the amount of feed needed for a unit of gain, it will have a high 
economic value to cattle feeders. The future for BD feeding to calves 
seems quite promising, but more experiments are necessary before any com­
mercial use can be made of this product. 
71 
SUMMARY 
Preliminary tests were conducted to determine the effects of various 
concentrate to roughage ratios on milk composition and whether 1,3-butane-
diol could be fed to lactating cows and growing calves. Ratios of flaked 
corn mix to corn silage were 3:2, 2.5:3, 1:2, and 1:3. Milk fat percentage, 
total solids percentage, and milk production declined on all diets. Milk 
protein percentage increased on some diets and was constant on others. 
Three lactating cows were fed a flaked corn and hay diet with 5% of the 
grain replaced with 1,3-butanediol for two months with no appetite depres­
sion or toxic symptoms. Five growing calves were fed 5, 10, 15, and 20% 
1,3-butanediol grain diets with free choice roughage. On the 15% and 20% 
1,3-butanediol grain diets, calves exhibited muscle tremors and hyperactive 
behavior. No toxic symptoms or appetite depression were evident on the 5 
and 10% diets. Blood ketone levels were elevated by 1,3-butanediol feeding, 
especially at the 15 and 20% feeding levels. 
Two trials were conducted to determine the effects on milk composition 
of feeding 5% 1,3-butanediol diets to lactating cows. The first trial 
tested whether 1,3-butanediol would alleviate fat depression while in the 
second trial 1,3-butanediol was used to prevent fat depression. Compari­
sons were made between a preliminary period on a normal diet and an experi­
mental period on a fat depressing diet with and without 1,3-butanediol. 
Seven cows were used in the first trial, and 12 cows were used in the sec­
ond trial. 
In both trials, milk fat production was higher for the 1,3-butanediol 
fed cows than for the controls but slightly less than during the prelimi­
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nary period. The fat depressing diets increased milk protein percentage 
compared to the preliminary period, but there was no difference caused by 
1,3-butanediol feeding, 1,3-butanediol fed cows maintained milk production 
at the preliminary period average while controls declined slightly. 
1,3-butanediol feeding had no consistent effect on rumen pH or rumen vola­
tile fatty acid concentrations. Blood ketone concentrations were higher 
for the 1,3-butanediol fed cows, but 1,3-butanediol feeding had little 
effect on blood glucose. 
The effects of feeding two concentrate to roughage complete feed diets 
with and without 4% 1,3-butanediol were tested on 16 calves. The ratios of 
concentrate (flaked corn mix) to roughage (alfalfa pellets) were 80:20 and 
40:60. 1,3-butanediol feeding improved feed efficiency on both high and 
low concentrate diets and improved rate of gain on the low concentrate diet. 
Rumen pH was lower for the calves on the high concentrate diet but was not 
affected by 1,3-butanediol feeding. Rumen volatile fatty acid concentra­
tions showed a wider acetate to propionate ratio on the high concentrate 
diet, but they were not affected by BD feeding. 1,3-butanediol feeding 
increased blood ketone concentration but did not affect blood glucose. 
1,3-butanediol seems to have possibilities in preventing milk fat 
depression in lactating cows and in promoting growth in growing calves. 
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Table 20. Response of lactating dairy cows to various fat depressing diets 
Diet Milk constituent measured 
(flaked Fat Protein Total solids Production 
corn to Cow Pre.l Exper. Pre. Exper. Pre. Exper. Pre. Exper. 
silage) no. (%) (%) (%) (%) (%) (%) (kg) (kg) 
3:2 5057 4.70 3.60 4.26 4.25 14.25 12.99 16.8 11.2 
3:2 5679 3.89 2.65 3.59 3.93 12.77 12.17 24.9 19.8 
2 .5:3 915 4.41 3.53 3.90 4.12 13.87 13.45 14.9 11.2 
2 .5:3 5460 3.50 3.58 3.52 3.78 12.70 12.98 22.8 20.8 
1:2 5630 3.09 2.50 3.36 3.55 12.02 11.80 26.8 25.9 
1:2 5549 4.02 3.31 3.77 4.05 13.39 13.01 19.3 18.7 
Pre. = Preliminary period; Exper. = Experimental period. 
Table 21. Response of lactating dairy cows to two flaked corn:silage diets 
Diet Milk constituent measured 
(flaked) Fat Protein Total solids Production 
corn to Cow Pre.^  Exper. Pre. Exper. Pre. Exper. Pre. Exper. 
silage) no. (%) (%) (%) (%) (%) (%) (kg) (kg) 
1:2 5924 3.14 3.00 3.02 3.18 12.24 11.95 35.0 32.8 
1:2 5600 2.69 2.00 3.21 3.18 11.35 10.95 28.5 24.9 
1:2 5556 2.33 3.34 2.97 2.85 10.75 11.86 38.4 31.5 
1:2 5718 2.36 1.80 2.98 3.05 10.77 10.68 34.0 29.1 
1:2 5758 2.75 2.35 2.94 2.71 11.28 10.94 28.5 27.1 
1:3 5741 3.68 3.66 3.39 3.53 12.94 12.94 26.5 22.6 
1:3 5903 2.84 2.38 3.45 3.27 11.88 11.54 27.0 20.9 
1:3 5602 3.18 3.45 3.45 3.54 12.36 13.04 27.9 23.2 
1:3 5876 2.83 2.09 2.80 2.71 11.08 10.37 26.7 19.0 
1:3 5613 3.96 3.84 3.51 3.25 13.29 13.01 22.1 25.3 
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Table 22. Daily milk fat percentages during preliminary, fat depressing, 
and BD addition periods (Part III - trial one) 
Date 
Experimental cows Control cows 
7133 6135 6151 6159 6132 6145 6171 
Preliminary period 
11-3-70 4.2 3.7 4.1 4.1 3.0 4.2 3.0 
11-5-70 3.8 3.5 3.8 3.5 2.9 2.9 3.2 
11-6-70 3.6 3.4 3.9 3.4 2.9 3.8 3.4 
11-10-70 3.7 3.6 4.2 3.9 3.2 4.1 3.4 
11-11-70 3.7 3.5 4.1 3.7 2.9 4.1 3.3 
11-16-70 3.7 4.2 4.4 3.4 3.1 3.7 3.4 
Ave. 3.78 3.65 4.08 3.67 3.00 3.80 3.28 
Fat depressing period 
12-10-70 1.2 2.8 3.5 3.1 1.8 3.6 1.7 
12-11-70 1.3 2.9 3.6 2.9 2.0 3.4 1.6 
12-17-70 1.8 2.8 3.4 2.7 1.5 2.8 1.8 
12-18-70 1.9 2.7 3.5 2.8 1.3 3.2 1.8 
12-22-70 1.9 3.0 3.6 2.7 1.4 3.0 2.4 
12-24-70 1.4 2.0 3.6 3.1 1.3 2.8 1.7 
12-29-70 1.9 3.0 3.7 3.0 1.8 2.9 1.5 
12-31-70 1.5 2.3 3.8 3.0 1.6 3.0 1.6 
1-8-71 1.2 1.4 3.4 2.9 1.2 1.9 1.5 
1-12-71 2.1 2.1 3-8 3.1 1.5 1.9 1.3 
1-14-71 2.4 2.4 3.8 2.9 1.4 2.5 1.5 
1-15-71 2.7 • 2.2 3.9 2.9 1.3 2.8 1.5 
Ave. 1.77 2.45 3.63 2.92 1.49 2.81 1.64 
BD addition period 
1-20-71 3.0 2.9 4.1 3.1 1.3 2.9 1.9 
1-22-71 3.1 2.9 3.9 3.1 1.3 2.0 1.8 
1-26-71 3.0 3.2 4.2 3.2 1.5 1.9 1.5 
1-29-71 3.3 3.1 4.3 3.3 1.6 2.6 2.1 
2-4-71 3.6 3.0 4.3 3.5 1.3 2.9 2.2 
2-5-71 3.6 2.9 4.3 3.4 1.6 3.2 2.2 
2-9-71 3.5 3.0 4.1 3.6 1.4 3.3 1.8 
2-12-71 3.8 2.9 4.1 3.4 1.4 2.6 1.8 
2-18-71 3.2 2.7 3.8 3.6 1.6 2.3 1.9 
2-19-71 3.6 3.2 4.0 3.3 2.4 1.6 1.8 
2-25-71 3.8 2.4 4.0 3.5 1.6 2.8 1.6 
2-26-71 3.8 2.5 4.0 3.3 2.0 2.4 1.7 
Ave. 3.44 2.86 4.12 3.43 1.47 2.53 1.84 
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Table 23. Daily milk protein percentages during preliminary, fat depressing, 
and BD addition periods (Part III - trial one) 
Experimental cows Control cows 
Date 7133 6135 6151 6159 6132 6145 6171 
Preliminary period 
11-3-70 3.21 3.20 3.42 3.07 3.07 3.54 3.01 
11-5-70 3.32 3.19 3.38 3.06 3.13 3.45 3.06 
11-6-70 3.25 3.19 3.38 3.04 3.06 3.38 3.19 
11-10-70 3.26 3.19 3.40 3.14 3.10 3.44 3.07 
11-11-70 3.26 3.15 3.30 3.02 3.11 3.34 3.04 
11-16-70 3.27 2.82 3.14 3.09 3.19 3.47 3.18 
Ave. 3.26 3.12 3.34 3.07 3.11 3.44 3.09 
Fat depressing period 
12-10-70 3.40 3.45 3.63 3.33 3.54 3.27 3.39 
12-11-70 3.31 3.37 3.55 3.21 3.37 3.46 3.26 
12-17-70 3.44 3.28 3.65 3.46 3.55 3.55 3.76 
12-18-70 3.35 3.28 3.61 3.36 3.60 3.63 3.58 
12-22-70 3.31 3.19 3.15 3.28 3.51 3.59 3.35 
12-24-70 3.50 3.50 3.53 3.45 3.46 3.65 3.48 
12-29-70 3.39 3.42 3.46 3.23 3.18 3.40 3.45 
12-31-70 3.44 3.49 3.44 3.31 3.21 3.45 3.53 
1-8-71 3.38 3.49 3.80 3.39 3.49 3.70 3.58 
1-12-71 3.42 3.37 3.66 3.56 3.55 3.48 3.51 
1-14-71 3.33 3.34 3.61 3.41 3.59 3.51 3.55 
1-15-71 3.45 3.36 3.78 3.40 3.66 3.70 3.63 
Ave. 3.39 3.38 3.57 3.37 3.48 3.53 3.51 
BD addition period 
1-20-71 3.51 3.46 3.60 3.29 3.49 3.58 3.64 
1-22-71 3.44 3.35 3.62 3.37 3.50 3.74 3.71 
1-26-71 3.37 3.33 3.66 3.27 3.46 3.53 3.68 
1-29-71 3.51 3.50 3.79 3.45 3.43 3.46 3.78 
2-4-71 3.48 3.60 3.80 3.42 3.51 3.39 3.78 
2-5-71 3.46 3.67 3.84 3.41 3.47 3.38 3.66 
2-9-71 3.55 3.55 3.75 3.42 3.48 3.47 3.71 
2-12-71 3.51 3.61 3.71 3.44 3.51 3.39 3.75 
2-18-71 4.05 3.60 3.97 3.50 3.69 3.57 3.71 
2-19-71 4.05 3.60 3.97 3.50 3.69 3.57 3.71 
2-25-71 3.67 3.42 3.87 3.29 3.76 3.37 3.55 
2-26-71 3.66 3.55 3.86 3.36 3.89 3.29 3.58 
Ave. 3.52 3.50 3.76 3.37 3.55 3.46 3.68 
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Table 24. Daily total solids percentages during preliminary, fat depressing, 
and BD addition periods (Part III - trial one) 
Experimental cows Control cows 
Date 7133 6135 6151 6159 6132 6145 6171 
Preliminary period 
11-3-70 13.45 12.78 13.44 13.31 11.70 12.91 11.57 
11-5-70 13.09 12.54 13.12 12.62 11.79 12.33 12.06 
11-6-70 12.85 12.46 13.18 12.46 11.67 13.27 12.30 
11-10-70 12.88 12.70 13.45 13.07 12.06 12.57 12.58 
11-11-70 12.86 12.39 13.29 12.73 11.69 13.31 11.86 
11-16-70 12.78 13.42 13.81 12.56 11.91 13.40 12.48 
Ave. 12.99 12.72 13.38 12.79 11.80 12.97 12.15 
Fat depressing period 
12-10-70 10.48 11.66 12.73 12.19 10.96 12.85 10.82 
12-11-70 10.54 11.87 12.85 11.97 11.01 12.72 10.76 
12-17-70 11.12 11.77 12.74 11.96 10.68 12.12 11.23 
12-18-70 10.99 11.51 12.77 11.85 10.48 12.50 10.75 
12-22-70 10.95 11.90 12.65 11.66 10.63 12.17 11.57 
12-24-70 10.64 10.98 12.71 12.20 10.47 12.13 10.70 
12-29-70 11.18 11.88 12.88 12.08 10.87 12.18 10.80 
12-31-70 10.58 11.18 12.86 11.98 10.70 12.26 10.75 
1-8-71 10.48 10.31 12.72 11.97 10.33 11.41 10.68 
1-12-71 11.04 12.86 13.02 12.09 10.62 11.18 10.48 
1-14-71 11.36 11.43 13.04 11.97 10.57 11.82 10.75 
1-15-71 11.71 10.91 13.02 11.97 10.46 11.84 10.50 
Ave. 10.92 11.52 12.82 11.99 10.65 12.10 10.82 
BD addition period 
1-20-71 12.44 12.14 13.67 12.52 10.79 12.42 11.29 
1-22-71 12.16 11.85 13.10 12.24 10.48 11.54 11.15 
1-26-71 11.95 12.35 13.65 12.40 10.81 11.34 10.88 
1-29-71 12.48 12.24 13.89 12.58 10.87 11.92 11.48 
2-4-71 12.86 12.31 14.07 12.99 10.88 12.25 11.95 
2-5-71 12.98 12.27 13.97 12.89 11.14 12.63 11.66 
2-9-71 12.77 11.91 13.45 12.90 10.75 12.56 11.36 
2-12-71 13.08 12.07 13.86 12.85 10.83 11.98 11.47 
2-18-71 12.37 11.66 13.02 12.65 11.34 11.12 10.72 
2-19-71 12.85 12.32 13.41 12.35 12.41 9.96 10.66 
2-25-71 13.10 11.17 13.00 12.53 11.15 11.39 10.60 
2-26-71 13.07 11.55 13.23 12.36 11.68 11.39 10.68 
Ave. 12.69 11.99 13.59 12.63 10.94 11.94 11.25 
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Table 25. Daily milk weights during preliminary, fat depressing, and BD 
addition periods (Part III - trial one) 
Experimental cows Control cows 
Date 7133 6135 6151 6159 6132 6145 6171 
(lbs/day) 
Preliminary period 
11-3-70 44.0 41.0 32.5 39.0 46.2 48.0 54.0 
11-5-70 44.5 42.0 33.5 43.0 42.4 44.0 52.0 
11-6-70 44.5 39.5 33.5 43.0 44.0 44.5 53.2 
11-10-70 44.0 39.0 32.0 41.0 44.0 47.8 53.0 
11-11-70 43.5 39.5 33.0 41.0 41.6 48.8 50.4 
11-16-70 44.5 34.5 32.5 44.0 44.0 48.4 53.0 
Ave. 44.2 39.2 32.8 41.8 43.7 46.9 52.6 
Fat depressing period 
12-10-70 45.5 42.0 35.0 46.5 44.2 47.5 45.9 
12-11-70 47.5 38.5 34.0 44.5 46.5 46.0 46.0 
12-17-70 52.0 40.5 33.5 44.5 42.8 45.8 47.0 
12-18-70 47.0 40.5 33.0 43.0 44.2 47.5 49.0 
12-22-70 51.0 40.5 32.0 46.5 45.0 44.7 49.0 
12-24-70 41.5 38.5 31.5 42.0 48.0 47.2 47.4 
12-29-70 43.0 38.5 27.5 44.0 42.2 50.0 46.0 
12-31-70 46.0 37.5 30.0 46.0 41.7 52.0 45.2 
1-8-71 45.5 38.5 33.5 44.5 42.0 47.5 45.7 
1-12-71 48.5 41.0 32.5 43.5 44.0 46.4 42.6 
1-14-71 46.0 37.5 31.0 42.0 41.2 54.0 46.8 
1-15-71 49.5 41.5 33.0 44.5 41.0 51.0 47.0 
Ave. 46.9 39.6 32.2 44.3 43.6 48.3 46.5 
BD addition period 
1-20-71 45.0 37.5 31.0 41.0 44.0 50.8 42.0 
1-22-71 47.5 40.0 33.5 45.0 44.4 48.8 45.8 
1-26-71 44.5 41.0 34.0 46.0 46.5 42.4 43.0 
1-29-71 44.5 37.5 31.0 43.5 46.8 53.5 44.0 
2-4-71 46.5 38.5 34.0 48.5 42.0 52.0 46.4 
2-5-71 46.0 40.5 32.0 50.5 46.5 51.4 47.0 
2-9-71 46.0 43.0 35.5 50.5 42.0 48.7 46.0 
2-12-71 46.0 40.5 34.0 49.0 42.0 46.0 43.0 
2-18-71 46.5 36.0 32.5 47.5 38.0 54.0 46.4 
2-19-71 44.5 35.5 34.0 49.0 37.0 57.0 49.0 
2-25-71 44.5 37.0 34.0 52.0 34.8 48.2 46.8 
2-26-71 44.0 39.0 35.0 53.0 37.0 54.0 53.0 
Ave. 45.5 39.5 33.4 47.9 42.6 49.6 45.7 
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Table 26. Individual determinations of blood ketones and blood glucose 
during preliminary, fat depressing, and BD addition periods 
(Part III - trial one) 
Experimental cows Control cows 
Date 7133 6135 6151 6159 6132 6145 6171 
Acetone-•acetoacetate (mg/100 ml) 
Preliminary period 
11-17-70 0.377 0.278 0.464 0.441 0.406 0.342 0.389 
Fat depressing period 
12-8-70 0.168 0.290 0.481 0.441 0.493 0.522 0.377 
12-22-70 0.340 0.277 0.308 0.361 0.266 0.245 0.361 
1-15-71 0.917 0.854 1.054 0.864 0.822 0.896 0.886 
BD addition period 
1-19-71 1.139 1.862 2.727 2.208 0.244 0.213 0.254 
2-2-71 0.372 0.538 1.176 0.613 0.215 0.455 0.223 
2-16-71 0.648 0.599 0.815 1.061 0.039 0.187 0.029 
-hydroxybutyrate (mg/100 ml) 
Preliminary period 
11-12-70 4.789 3.894 4.102 6.549 1.805 2.134 2.030 
11-17-70 5.153 3.800 6.163 3.488 6.132 2.197 1.801 
Fat depressing period 
12-8-70 0.677 1.010 2.665 1.395 2.707 4.560 1.812 
12-22-70 1.947 3.425 2.832 4.144 2.280 2.155 2.113 
1-15-71 0.009 0.385 3.040 0.011 1.864 2.530 1.770 
BD addition period 
1-19-71 6.122 1.905 9.672 6.080 0.167 2.499 0.427 
2-2-71 3.883 4.182 5.789 4.144 1.520 5.070 0.844 
2-16-71 4.223 3.755 4.393 4.768 0.250 2.153 1.009 
Glucose (mg/100 ml) 
Preliminary period 
11-12-70 60.0 54.0 69.2 72.0 54.0 66.0 66.0 
11-17-70 45.0 37.2 69.2 66.0 51.2 69.2 63.2 
Fat depressing period 
12-8-70 46.0 45.0 48.0 46.0 38.0 50.0 44.0 
12-22-70 44.0 40.0 44.0 33.0 32.0 44.0 41.0 
1-15-71 42.0 40.0 45.0 46.0 37.0 47.0 45.0 
BD addition period 
1-19-71 42.0 42.0 38.0 44.0 36.0 41.0 44.0 
2-2-71 71.0 56.0 40.0 63.0 59.0 67.0 58.0 
2-16-71 44.0 46.0 71.0 74.0 36.0 58.0 64.0 
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Table 27. Individual determinations of rumen volatile fatty acids during 
preliminary, fat depressing, and BD addition periods (Part III -
trial one) 
Date 
Experimental cows Control cows 
7133 6135 6151 6159 6132 6145 6171 
Acetate (molar %) 
Preliminary period 
11-12-70 62.61 68.36 59.90 61.89 68.69 71.53 68.68 
11-17-70 64.55 69.39 65.59 65.96 69.73 64.69 66.13 
Fat depressing period 
12-8-70 50.19 60.57 68.20 61.17 58.09 64.49 45.45 
12-22-70 44.04 53.64 55.48 58.82 45.92 38.47 34.68 
1-15-71 55.41 53.66 62.05 59.65 51.14 59.02 52.42 
BD addition period 
1-19-71 59.99 61.86 63.34 62.01 46.11 48.72 40.96 
2-2-71 54.21 46.76 56.84 54.11 44.07 49.68 44.33 
2-16-71 48.63 55.21 57.13 54.94 48.59 49.25 41.84 
Propionate ( [molar %) 
Preliminary period 
11-12-70 24.62 19.11 23.45 22.92 20.06 15.90 17.73 
11-17-70 21.58 17.31 17.95 20.74 18.65 22.04 22.74 
Fat depressing period 
12-8-70 47.10 29.46 16.67 24.26 31.21 22.18 53.05 
12-22-70 51.67 37.31 34.83 28.21 47.33 58.96 59.99 
1-15-71 31.93 33.68 17.52 27.29 43.93 30.75 35.74 
BD addition period 
1-19-71 29.76 28.28 21.88 26.19 42.90 40.37 48.71 
2-2-71 33.29 42.71 23.79 34.58 46.58 31.51 47.47 
2-16-71 27.97 33.12 22.99 23.43 42.16 37.97 45.09 
Butyrate (molar %) 
Preliminary period 
11-12-70 9.12 8.85 12.91 11.24 8.65 9.54 11.02 
11-17-70 11.26 11.26 14.46 11.01 11.73 11.49 9.82 
Fat depressing period 
12-8-70 0.20 6.63 10.76 11.39 8.03 10.30 0 
12-22-70 0.66 6.72 7.12 10.69 0.61 0.94 3.72 
1-15-71 5.89 6.39 13.12 7.87 3.01 8.94 5.86 
BD addition period 
1-19-71 8.67 7.61 11.86 9.12 4.29 8.20 5.84 
2-2-71 10.22 8.79 17.01 9.25 5.34 15.59 5.38 
2-16-71 18.75 9.19 16.84 18.85 5.58 10.42 8.30 
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Table 28. Individual determinations of rumen pH during preliminary, fat 
depressing, and BD addition periods (Part III - trial one) 
Experimental cows Control cows 
Date 7133 6135 6151 6159 6132 6145 6171 
Preliminary period 
11-12-70 6.0 6.1 5.9 6.1 6.1 6.2 6.1 
11-17-70 5.3 6.2 6.1 5.8 5.9 5.8 6.0 
Fat depressing period 
12-8-70 6.3 6.8 6,6 6.4 6.5 6.7 5.6 
12-22-70 6.0 6.4 6.5 6.3 6.3 5.4 5.4 
1-15-71 6.2 6.1 6.3 6.1 6.3 6.4 5.4 
BD addition period 
1-19-71 6.1 6.1 6.4 6.5 6.3 6.5 5.6 
2-2-71 6.0 5.9 6.0 6.3 5.5 6.4 6.0 
2-16-71 6.3 5.7 6.1 6.1 6.5 5.7 5.2 
Table 29. Daily milk fat percentages during preliminary, BD addition, and 
postexperimental periods (Part III - trial two) 
Experimental cows 
Date 5613 5942 6059 6071 6089 6199 
Preliminary period 
3-5-71 3.5 4.0 3.0 2.4 2.9 3.6 
3-10-71 3.3 3.6 2.9 3.0 3.7 3.6 
3-11-71 3.2 4.8 2.8 2.8 3.8 2.3 
3-12-71 3.4 3.6 2.1 2.8 3.6 2.9 
3-16-71 2.9 - 2.9 3.0 3.2 2.6 
3-18-71 3.2 - 2.7 2.4 3.4 3.3 
3-19-71 3.7 3.5 2.0 2.6 3.5 2.4 
Ave. 3.31 3.90 2.63 2.71 3.44 2.96 
BD addition period 
4-2-71 3.3 2.1 1.6 2.0 3.6 1.6 
4-6-71 3.4 2.1 0.9 0.8 2.9 1.9 
4-9-71 3.1 2.6 1.5 1.2 3.0 2.2 
4-14-71 2.8 2.6 3.6 1.3 2.9 2.2 
4-16-71 3.5 2.7 1.6 1.6 3.0 1.8 
4-20-71 3.1 3.0 1.4 1.6 3.0 1.7 
4-23-71 3.7 3.0 1.3 1.9 3.7 1.7 
4-28-71 4.1 3.1 1.4 3.3 3.3 2.2 
4-30-71 3.4 3.0 1.3 3.2 3.8 2.5 
5-7-71 3.2 3.5 1.6 2.1 3.5 1.6 
5-10-71 3.6 5.0 2.2 2.6 3.2 1.7 
5-12-71 3.3 3.4 1.7 2.6 3.1 1.4 
5-14-71 3.5 3.5 1.4 2.5 3.2 1.3 
Ave. 3.39 3.04 1.65 2.04 3.24 1.82 
Postexperimental period 
5-20-71 3.9 3.4 2.6 2.9 3.8 2.1 
5-21-71 3.7 2.8 1.7 2.8 3.9 2.3 
5-27-71 3.7 3.1 3.1 3.1 3.5 2.6 
5-28-71 3.3 3.1 2.7 3.2 3.9 2.5 
6-3-71 3.7 3.5 3.0 2.8 3.4 2.5 
6-4-71 3.9 3.0 3.0 3.0 3.5 2.1 
Ave. 3.69 3.15 2.68 2.97 3.67 2.34 
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Control cows 
5556 5924 6051 6095 6096 6186 
2.5 7.1 3.7 2.9 2.7 
2.5 3.3 5.3 2.1 4.1 2.7 
2.4 3.4 5.2 3.2 3.0 3.0 
2.9 3.2 4.2 3.4 2.7 2.8 
2.6 2.9 3.0 2.4 2.8 3.3 
2.7 2.5 3.7 3.6 2.6 2.6 
3.1 3.0 3.4 3.6 2.4 3.3 
2.67 3.05 4.55 3.14 2.98 2.91 
2.7 3.0 3.7 3.4 3.3 2.7 
3.2 2.0 3.5 1.9 2.5 2.2 
2.8 5.0 4.0 3.5 4.0 1.9 
2.2 1.9 2.7 2.4 2.6 1.4 
2.6 1.5 1.8 1.7 2.3 1.5 
2.4 1.1 1.7 1.7 2.0 1.4 
2.3 1.6 2.0 2.6 0.8 1.4 
1.6 1.5 2.1 2.0 1.8 1.4 
1.3 1.3 1.0 1.4 1.6 1.5 
1.6 1.9 1.3 1.2 3.2 1.6 
1.8 1.9 1.8 1.7 1.3 1.6 
2.2 1.8 2.1 2.2 1.3 1.6 
2.3 1.4 1.5 1.8 1.4 1.4 
2.20 1.98 2.24 2.10 2.13 1.65 
3.5 2.8 1.9 2.5 2.5 1.8 
2.6 2.5 2.1 3.0 2.4 1.6 
3.6 3.5 3.7 2.4 3.6 2.4 
2.9 3.5 2.6 3.0 4.0 3.3 
- 3.1 3.0 3.8 3.4 3.0 
- 3.4 2.7 3.6 3.5 2.9 
3.15 3.13 2.66 3.05 3.23 2.49 
Table 30. Daily milk protein percentages during preliminary and BD addi­
tion periods (Part III - trial two) 
Experimental cows 
Date 5613 5942 6059 6071 6089 6199 
Preliminary period 
3-5-71 3.44 3.11 3.25 2.68 3.76 3.08 
3-10-71 3.60 3.28 3.28 3.07 3.84 2.97 
3-11-71 3.68 3.02 3.10 2.79 3.65 3.13 
3-12-71 3.41 3.01 3.21 2.86 3.54 3.00 
3-16-71 3.56 3.85 3.14 2.68 3.60 2.90 
3-18-71 3.42 - 3.14 2.79 3.48 2.96 
3-19-71 3.27 3.17 3.08 2.74 3.48 3.02 
Ave. 3.48 3.24 3.17 2.80 3.62 3.01 
BD addition period 
4-2-71 3.69 3.02 3.04 2.81 3.64 3.06 
4-6-71 3.83 2.96 3.05 2.80 3.75 3.01 
4-9-71 3.57 3.07 3.19 2.92 3.62 2.85 
4-14-71 3.60 3.00 2.98 2.86 3.24 3.09 
4-16-71 3.57 3.10 3.12 2.91 3.33 3.13 
4-20-71 3.53 3.22 3.15 2.93 3.34 3.06 
4-23-71 3.49 3.34 3.05 2.96 3.55 3.14 
4-28-71 3.49 3.28 3.18 3.07 3.48 2.95 
4-30-71 3.53 3.20 3.18 2.94 3.58 2.85 
5-7-71 3.38 3.30 3.08 2.84 3.68 3.18 
5-10-71 3.57 3.25 3.00 2.91 3.74 3.07 
5-12-71 3.41 3.36 3.38 3.23 3.92 3.25 
5-14-71 3.43 3.26 3.26 3.18 3.91 3.16 
Ave. 3.55 3.18 3.13 2.95 3.60 3.06 
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Control cows 
5556 5924 6051 6095 6096 6186 
3.12 4.03 3.46 2.98 3.37 
3.76 3.49 3.37 4.00 3.26 3.79 
3.29 3.37 3.19 3.49 3.24 3.62 
3.09 3.43 3.17 3.39 3.22 3.51 
3.00 3.24 3.01 3.61 3.08 3.46 
3.07 3.09 2.99 3.33 3.12 3.35 
2.99 3.05 3.06 3.38 3.08 3.50 
3.19 3.28 3.13 3.52 3.14 3.51 
3.00 3.28 2.71 3.38 3.35 3.71 
3.12 3.14 2.83 3.45 3.26 3.66 
3.04 3.34 2.82 3.52 3.39 3.57 
2.95 3.34 2.81 3.26 2.98 3.69 
3.27 3.46 2.83 3.12 3.24 3.59 
3.07 3.36 2.73 3.30 3.47 3.81 
3.54 3.71 2.78 3.12 3.47 3.83 
3.31 3.55 2.69 3.26 3.46 3.68 
3.40 3.61 2.78 3.48 3.53 2.83 
3.27 3.76 2.82 3.60 3.51 3.84 
3.30 3.66 2.81 3.61 3.43 3.90 
3.28 4.05 2.89 3.62 3.55 3.92 
3.28 3.93 2.95 - 3.55 4.08 
3.22 3.55 2.80 3.39 3.40 3.70 
Table 31. Daily total solids percentages during preliminary and BD addi­
tion periods (Part III - trial two) 
Experimental cows 
Date 5613 5942 6059 6071 6089 6199 
Preliminary period 
3-5-71 12.70 13.23 12.21 10.87 12.98 12.85 
3-10-71 12.22 12.52 11.74 11.59 13.50 12.49 
3-11-71 12.24 13.68 11.46 11.30 13.38 11.05 
3-12-71 12.37 12.41 10.86 11.21 13.08 11.86 
3-16-71 11.95 - 11.72 11.04 12.73 11.45 
3-18-71 12.03 - 11.32 10.67 12.78 12.09 
3-19-71 12.42 12.19 10.57 10.74 12.90 11.26 
Ave. 12.28 12.81 11.41 11.06 13.05 11.86 
BD addition period 
4-2-71 12.15 10.74 10.08 10.40 13.16 10.32 
4-6-71 12.46 11.16 9.79 9.33 12.48 10.77 
4-9-71 11.98 11.33 10.21 9.79 12.52 10.99 
4-14-71 11.64 11.20 12.00 9.80 12.11 10.97 
4-16-71 12.14 11.33 10.25 10.13 12.26 10.54 
4-20-71 12.01 11.68 10.04 10.18 12.46 10.51 
4-23-71 12.86 12.14 10.31 10.96 13.47 10.94 
4-28-71 12.88 11.85 10.11 11.91 12.79 10.85 
4-30-71 12.00 11.62 9.92 11.50 13.25 11.01 
5-7-71 11.96 12.39 10.24 10.32 13.03 10.19 
5-10-71 12.35 13.87 10.73 10.93 12.81 10.34 
5-12-71 12.38 12.46 10.97 11.32 12.95 10.39 
5-14-71 12.32 12.39 10.32 11.14 12.94 10.14 
Ave. 12.24 11.86 10.38 10.59 12.79 10.61 
97 
Control cows 
5556 5924 6051 6095 6096 6186 
10.97 16.92 13.00 11.82 12.01 
10.80 11.99 14.22 11.17 13.00 11.89 
10.74 12.30 14.00 12.88 11.70 12.00 
11.40 12.31 13.08 12.78 11.45 11.91 
11.01 11.90 11.59 11.79 11.52 12.25 
11.13 11.19 12.27 12.75 11.20 11.42 
11.66 11.71 12.02 12.78 10.93 12.26 
11.10 11.90 13.44 12.45 11.66 11.96 
11.09 11.91 12.14 12.44 12.18 11.84 
11.76 11.06 12.21 11.31 11.44 11.11 
11.35 13.88 12.60 12.81 12.81 10.64 
10.48 10.81 11.32 11.44 10.91 10.30 
11.17 10.56 10.43 10.71 10.76 10.50 
10.81 10.12 10.38 10.89 10.91 10.49 
11.37 11.06 10.90 11.97 9.82 10.75 
10.15 10.66 10.46 11.34 10.42 10.52 
9.92 10.37 9.42 10.64 9.99 10.38 
10.33 11.26 9.95 10.57 11.76 10.65 
10.61 11.49 10.72 10.87 9.74 10.65 
11.14 11.46 10.99 11.63 9.95 10.60 
11.17 10.90 10.35 11.30 9.86 10.50 
10.87 11.20 10.91 11.38 10.81 10.69 
Table 32. Daily milk weights during preliminary, BD addition, and post-
experimental periods (Part III - trial two) 
Experimental cows 
Date 5613 5942 6059 6071 6089 6199 
(lbs./day) 
Preliminary period 
3-5-71 57.2 68.0 76.0 78.0 51.4 55.4 
3-10-71 57.8 70.2 81.0 75.0 57.2 54.0 
3-11-71 55.1 74.4 75.8 70.0 55.4 61.0 
3-12-71 56.4 69.6 77.4 70.1 57.2 58.0 
3-16-71 58.0 - 74.6 71.0 54.0 54.0 
3-18-71 53.6 - 76.0 73.0 53.2 59.2 
3-19-71 56.0 45.0 76.2 72.0 61.0 54.2 
Ave. 56.3 65.4 76.7 72.7 55.6 56.5 
BD addition period 
4-2-71 50.0 63.8 87.8 84.0 56.2 65.2 
4-6-71 49.8 70.5 85.2 84.6 55.1 67.0 
4-9-71 52,2 70.4 85.7 84.5 54.7 63.3 
4-14-71 47.0 74.2 87.7 83.9 52.3 63.9 
4-16-71 42.0 73.8 95.6 85.0 51.8 68.6 
4-20-71 46.6 74.3 98.4 88.4 52.8 71.8 
4-23-71 41.1 72.0 91.7 78.7 46.5 69.0 
4-28-71 42.3 72.4 91.6 68.8 51.9 69.3 
4-30-71 40.8 74.4 90.8 75.4 50.6 68.9 
5-7-71 38.8 76.6 88.4 77.0 51.5 73.8 
5-10-71 34.0 75.6 85.2 75.4 52.2 68.6 
5-12-71 36.9 68.5 85.8 74.2 50.8 68.7 
5-14-71 36.3 58.6 91.9 72.6 54.3 68.4 
Ave. 42.9 71.2 89.7 79.4 52.4 68.2 
Postexperimental period 
5-20-71 37.8 62.0 63.2 60.8 53.0 59.0 
5-21-71 35.8 61.0 53.0 61.0 49.8 57.0 
5-27-71 35.2 59.8 62.5 59.5 45.0 62.0 
5-28-71 36.5 50.4 62.8 66.2 49.0 61.3 
6-3-71 39.5 52.0 61.0 63.0 46.8 63.5 
6-4-71 40.6 60.0 62.8 57.5 45.2 58.0 
Ave. 37.6 57.5 60.9 61.3 48.1 60.1 
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Control cows 
5556 5924 6051 6095 6096 6186 
(lbs./day) 
65.8 - 47.8 63.2 81.6 57.0 
67.2 62.0 59.8 67.0 78.0 60.0 
62.4 64.2 59.0 66.0 73.6 57.2 
64.5 66.2 69.0 67.0 77.4 56.0 
66.0 75.2 76.0 67.2 73.4 58.0 
68.0 73.2 76.0 67.0 75.6 57.4 
68.0 76.4 79.0 60.9 75.2 58.0 
66.0 69.5 66.7 65.8 76.4 57.7 
69.4 76.2 93.0 64.0 48.0 55.0 
68.9 83.7 92.5 59.8 55.2 48.5 
72.2 77.8 92.5 63.0 47.6 54.0 
67.8 68.3 91.0 63.5 58.8 55.0 
63.8 66.0 97.0 65.0 61.0 55.0 
65.2 71.0 96.5 65.6 58.6 49.5 
58.0 71.0 100.1 65.0 49.2 46.2 
63.8 68.2 100.0 66.0 34.8 48.6 
62.9 68.0 99.0 65.2 56.0 47.0 
67.8 57.4 105.0 60.0 42.0 48.4 
65.0 54.8 102.0 64.8 38.8 49.0 
69.2 58.7 105.2 63.2 39.4 50.3 
71.2 58.3 106.0 62.0 46.0 47.0 
66.6 67.6 98.4 63.6 48.9 50.3 
59.8 55.8 95.0 55.3 35.2 43.8 
61.0 56.6 91.0 57.4 41.8 43.7 
49.4 57.8 85.0 54.0 44.0 42.0 
56.8 55.0 86.5 58.0 45.7 44.0 
- 62.8 94.0 53.0 44.0 49.2 
- 59.0 92.0 58.5 49.8 51.2 
56.8 57.8 90.6 56.0 43.4 45.7 
Table 33. Individual determinations of blood ketones and blood glucose 
during preliminary and BD addition periods (Part III - trial two) 
Experimental cows 
Date 5613 5942 6059 6071 6089 6199 
Acetone--acetoacetate (mg/100 ml) 
Preliminary period 
3-9-71 0.297 1.879 0.249 1.317 0.517 0.345 
3-16-71 0.456 - 0.308 0.321 0.444 0.481 
BD feeding period 
4-6-71 1.815 3.127 1.200 2.169 0.665 1.241 
4-20-71 0.364 0.415 0.220 0.305 0.245 0.262 
5-4-71 1.740 4.354 1.712 2.191 2.301 1.988 
5-13-71 0.122 0.839 0.302 0.188 0.179 0.321 
/Q -hydroxybutyrate (mg/100 ml) 
Preliminary period 
3-9-71 4.435 14.617 1.520 9.380 4.560 1.864 
3-16-71 0.927 - 0.760 2.072 0.843 2.072 
BD feeding period 
4-6-71 2.749 2.155 1.187 2.665 2.322 2.030 
4-20-71 0.250 0.677 0.427 0.510 0.333 0.167 
5-4-71 2.957 4.862 0.885 7.392 4.227 2.408 
5-13-71 0.718 1.947 0.677 1.728 0.250 0.167 
Glucose (mg/100 ml) 
Preliminary period 
3-9-71 47.0 32.0 40.0 32.0 37.6 28.0 
3-16-71 39.0 - 40.0 40.0 47.0 46.0 
BD feeding period 
4-6-71 13.0 20.0 26.0 24.6 27.0 43.6 
4-20-71 46.0 34.0 15.6 14.0 16.0 22.0 
5-4-71 36.0 19.0 23.6 24.6 22.0 36.0 
5-13-71 10.6 15.6 12.0 18.0 16.0 18.0 
101 
Control cows 
5556 5924 6051 6095 6096 6186 
Acetone-acetoacetate (mg/100 ml) 
0.316 0.259 - 0.403 0.153 0.325 
0.321 0.444 0.247 0.432 0.247 0.247 
0.313 0.141 0.232 0.111 0.313 0.030 
0.338 0.271 0.279 0.271 0.262 0.161 
0.129 0.184 0.055 0.119 0.202 0.073 
0.113 0.236 0.217 0.245 0.245 0.198 
/^ -hydroxybutyrate (mg/100 ml) 
4.727 2.322 3.967 1.812 1.312 
2.405 2.155 - 0.843 0.718 0.635 
3.082 2.280 0.885 1.093 0.593 0.250 
1.010 1.187 0.968 1.687 0.250 0.167 
2.155 0.083 0.885 1.312 0.927 0.468 
0.635 0.422 1.052 0.507 0.718 0.803 
Glucose (mg/100 ml) 
43.6 41.0 • 35.0 52.0 46.0 
6.0 45.6 41.0 43.6 48.0 39.0 
28.0 19.0 14.0 21.0 15.6 40.0 
21.0 24.6 15.6 13.0 14.0 24.6 
18.0 22.0 21.0 15.6 22.0 33.0 
37.6 39.0 14.0 18.0 32.0 13.0 
Table 34. Individual determinations of rumen volatile fatty acids and 
rumen pH during preliminary and BD addition periods (Part III -
trial two) 
Experimental cows 
Date 5613 5942 6059 6071 6089 6199 
Acetate (molar %) 
Preliminary period 
3-9-71 61.00 61.93 57.47 64.23 65.47 55.21 
3-16-71 63.68 - 57.26 62.15 63.07 64.18 
BD feeding period 
4-6-71 56.41 53.37 40.15 46.80 46.92 51.29 
4-20-71 58.12 54.57 45.53 50.46 53.63 51.98 
5-4-71 63.11 56.26 45.82 53.47 55.22 45.43 
5-13-71 65.64 60.65 55.68 59.31 58.63 53.87 
Propionate (molar %) 
Preliminary period 
3-9-71 23.36 19.42 30.10 16.42 16.50 31.59 
3-16-71 20.77 - 29.38 23.84 20.16 21.56 
BD feeding period 
4-6-71 30.68 37.34 49.19 43.48 40.87 35.39 
4-20-71 23.50 26.69 46.44 35.17 29.18 32.72 
5-4-71 21.48 22.94 44.39 29.34 21.51 43.98 
5-13-71 16.68 18.08 30.47 24.02 27.83 33.37 
Butyrate (molar %) 
Preliminary period 
3-9-71 13.13 15.74 10.75 16.75 15.50 10.55 
3-16-71 12.44 - 10.87 10.99 14.01 11.45 
BD feeding period 
4-6-71 9.55 7.30 7.14 6.96 9.85 10.58 
4-20-71 14.63 15.14 5.33 8.44 13.54 9.06 
5-4-71 11.92 18.69 6.90 13.32 20.32 8.44 
5-13-71 13.70 18.10 10.08 12.56 8.57 9.04 
Rumen pH 
Preliminary period 
3-9-71 6.2 6.4 6.3 6.7 6.1 6.3 
3-16-71 5.6 - 6.4 6.3 6.3 6.2 
BD feeding period 
4-6-71 6.2 6.5 5.8 6.5 6.6 6.1 
4-20-71 6.3 6.5 6.5 6.7 6.6 6.7 
5-4-71 6.4 6.5 6.0 6.8 6.4 5.8 
5-13-71 6.5 6.6 6.7 6.7 6.6 6.7 
103 
Control cows 
5556 5924 6051 6095 6096 6186 
Acetate (molar %) 
65.66 60.97 - 61.10 58.73 48.67 
63.95 59.63 49.69 57.95 58.26 52.40 
59.54 55.20 52.96 43.27 51.79 47.03 
54.23 48.93 43.65 49.21 43.33 43.36 
50.63 52.84 44.31 48.54 50.89 42.29 
54.86 49.53 48.63 55.51 50.56 44.55 
Propionate (molar %) 
20.14 22.08 _ 20.00 27.15 35.94 
19.43 22.47 44.60 27.33 29.16 33.57 
21.15 31.66 34.96 40.17 34.08 42.70 
28.26 38.40 38.73 33.95 43.00 48.57 
32.40 33.17 46.24 41.23 35.08 43.89 
29.08 40.73 44.34 32.23 30.55 43.05 
Butyrate (molar %) 
11.36 13.76 » 16.65 11.75 11.56 
14.19 15.27 3.46 12.27 10.03 11.39 
16.83 10.92 9.53 13.30 11.99 5.80 
15.23 9.00 11.67 14.20 8.22 4.44 
13.74 9.90 5.89 7.35 11.83 9.00 
13.47 7.23 4.00 10.01 16.91 9.12 
Rumen PH 
6.5 6.4 _ 6.4 6.0 5.6 
6.4 6.4 6.3 6.0 6.4 5.6 
6.5 6.2 6.4 5.9 5.4 5.8 
5.8 6.1 5.5 5.9 5.5 5.1 
6.3 6.5 5.6 6.4 6.3 5.8 
6.6 5.1 5.4 5.5 6.0 5.5 
Table 35. Weekly calf weights of calves during preliminary, 4% BD feeding, 6% BD feeding, and 8% BD 
feeding periods (Part IV) 
Weeks 
6 and 8% BD 
Calf Preliminary period 4% BD feeding period feeding period 
no. Group Start 1 2 3 5 6 7 8 9 10 11 12 13 14 15 
(lbs.) 
6444 A 269 288 295 320 362 379 400 424 452 478 510 530 551 586 602 
6456 A 283 296 328 352 396 413 455 493 520 557 590 611 631 662 702 
6392 A 638 610 681 714 745 764 802 837 862 897 924 947 
6129-î: A 272 311 329 359 392 414 446 460 483 508 524 542 548 558 
6438 B 276 298 307 330 375 367 388 396 458 489 529 550 575 608 622 
6454 B 267 276 273 294 318 293 335 353 378 406 448 461 483 498 486 
6408 B 549 544 581 623 644 645 675 704 725 776 806 831 
1034 B 408 439 440 452 431 464 468 503 532 534 562 570 572 587 
6449 C 258 280 286 298 322 325 334 350 374 383 411 425 443 457 485 
6458 C 268 300 301 331 357 380 378 399 424 439 464 476 485 522 540 
6411 C 639 632 650 690 726 755 780 797 836 868 880 899 
1035 C 328 298 324 341 368 368 383 402 433 428 462 476 500 515 
6448 D 284 290 308 332 364 336 360 398 437 457 492 499 525 512 518 
6455 D 269 282 298 328 372 340 385 420 458 482 523 548 576 577 604 
6414 D 538 540 558 616 664 663 685 718 760 788 833 849 
6126-3 D 440 456 476 497 488 497 528 548 567 605 630 638 626 640 
Table 36. Individual determinations of rumen acetate during preliminary and BD feeding periods of 
growing calves (Part IV) 
Calf Date^  
no. Group 12-4-70 12-9-70 12-15-70 12-29-70 1-12-71 1-26-71 2-9-71 2-18-71 2-23-71 
Acetate (molar %) 
612)-2 A 43.55 58.50 42.17 51.30 52.78 50.71 52.03 60.07 57.92 
6392 A 36.83 34.93 37.26 39.02 38.58 45.02 
6444 A 36.81 54.20 40.69 45.29 39.18 39.50 42.96 45.26 45.61 
6450 A 39.63 41.32 42.88 43.53 42.67 42.31 43.33 47.00 48.51 
Ave. 39.21 47.24 40.75 44.79 43.30 44.25 46.11 50.78 50.68 
1034 B 43.04 45.71 43.13 48.06 46.51 48.26 53.02 53.11 54.81 
6403 B 46.29 31.55 39.30 42.03 41.94 42.70 
6433 B 33.03 29.60 38.26 44.07 42.99 42.42 42.41 45.48 45.17 
6454 B 35.94 35.66 40.93 38.47 37.29 44.28 41.88 43.43 54.18 
Ave. 39.58 35.63 40.41 43.16 42.18 44.42 45.77 47.34 51.39 
103 5 C 59.59 56.59 59.12 67.95 65.63 64.34 63.54 60.33 
641L C 61.29 67.06 59.40 54.99 54.53 59.25 
6449 C 60.65 60.24 54.08 54.86 59.97 59.19 58.84 64.05 56.49 
645 3 C 55.64 58.64 54.60 51.88 49.73 50.65 55.13 51.79 52.39 
Ave. 59.19 61.38 56.17 55.21 58.05 58.68 59.44 59.79 56.40 
6126-3 D 60.83 64.30 58.20 59.76 58.64 55.33 57.24 62.35 63.74 
6414 D 54.24 62.64 59.20 53.27 56.43 52.31 
6448 D 58.53 61.87 52.82 55.69 55.72 50.85 58.61 59.97 60.27 
6455 D 57.51 60.32 56.87 58.44 56.17 59.45 61.24 63.85 61.41 
Ave. 57.78 62.28 56.77 56.79 56.74 54.49 59.03 62.06 61.81 
P^reliminary period = 12-4-70 and 12-9-70. 
4% BD feeding period = 12-15-70, 12-29-70, 1-12-71, and 1-26-71. 
6-8% BD feeding period = 2-9-71, 2-18-71, and 2-23-71 (also refers to Tables 37-42). 
Table 37. Individual determinations of rumen propionate during preliminary and BD feeding periods 
of growing calves (Part IV) 
Calf Date^  
no. Group 12-4-70 12-9-70 12-15-70 12-29-70 1-12-71 1-26-71 2-9-71 2-18-71 2-23-71 
Propionate (molar %) 
6129-2 A 49.58 32.62 51.70 39.31 39.37 36.28 30.95 27.41 29.67 
6392 A 46.04 43.81 45.01 43.36 47.73 49.15 
6444 A 48.19 39.89 43.80 50.38 51.11 50.47 50.78 50.20 50.17 
6456 A 50.55 48.54 51.40 50.04 48.59 50.52 47.03 46.88 47.51 
Ave. 48.59 41.22 47.98 45.77 46.70 46.61 42.92 41.50 42.45 
1034 B 37.07 45.71 37.19 34.19 43.56 33.73 33.17 38.75 36.67 
6408 B 31.55 44.83 40.72 38.09 44.37 42.78 
6438 B 44.79 39.36 48.47 43.94 48.00 47.79 50.23 50.30 49.83 
6454 B 44.62 47.38 47.74 38.07 42.30 49.78 50.24 53.21 26.85 
Ave. 39.51 44.32 43.53 38.57 44.56 43.52 44.55 47.42 37.78 
1035 C 28.91 22.23 23.88 18.17 20.40 21.20 20.69 20.12 
6411 C 26.80 21.25 30.02 31.72 34.95 28.11 
6449 C 29.34 29.15 32.81 29.85 26.39 26.21 30.34 18.88 28.08 
6458 C 25.02 24.89 28.38 31.21 35.89 37.17 27.25 28.24 28.35 
Ave. 27.05 26.05 28.36 29.17 28.85 27.97 26.26 22.60 25.52 
6126-3 D 24.83 22.79 30.29 27.04 23.36 29.77 30.14 26.87 23.77 
6414 D 32.59 19.85 25.22 37.37 31.15 38.42 
6448 D 33.15 27.71 35.84 30.77 35.62 33.07 27.30 26.22 23.59 
6455 D 31.83 28.04 33.78 31.36 29.07 23.75 22.71 24.08 23.61 
Ave. 30.60 24.60 31.28 31.64 29.80 31.25 26.72 25.72 23.66 
Table 38. Individual determinations of rumen butyrate during preliminary and BD feeding periods 
of growing calves (Part IV) 
Calf Date^  
no. Group 12-4-70 12-9-70 12-15-70 12-29-70 1-12-71 1-26-71 2-9-71 2-18-71 2-23-71 
Butyrate (molar %) 
6129-2 A 4.76 6.63 4.51 4.47 5.47 8.12 11.62 6.05 6.19 
6392 A 11.08 16.98 12.86 14.69 9.03 3.27 
6444 A 12.82 4.95 13.72 3.14 8.49 8.75 4.18 2.60 1.85 
6456 A 8.46 8.51 3.16 4.50 6.62 5.81 7.63 4.07 2.63 
Ave. 9.28 9.27 8.56 • 6.70 7.40 6.49 7.81 4.24 3.56 
1034 B 17.07 5.82 11.08 12.42 7.01 12.53 8.82 4.79 5.01 
6408 B 19.07 21.55 14.93 12.39 9.12 10.12 
6438 B 19.74 28.60 10.31 8.56 5.56 6.43 5.16 2.41 2.71 
6454 B 16.69 14.71 8.83 15.22 18.55 1.64 2.67 1.61 15.51 
Ave. 18.14 17.67 11.29 12.15 10.06 7.68 5.55 2.94 7.74 
1035 C 9.56 19.11 15.04 12.13 11.42 12.31 13.16 17.13 
6411 C 9.59 10.09 8.79 12.06 9.00 10.28 
6449 C 8.11 9.30 11.35 13.69 11.40 12.62 7.22 10.43 12.98 
6458 C 17.51 13.67 14.55 14.18 11.68 9.70 14.16 17.00 16.29 
Ave. 11.74 10.66 13.45 13.74 11.05 11.01 11.23 13.53 15.47 
6126-3 D 11.56 10.81 9.72 11.19 16.46 12.24 10.02 8.70 9.43 
6414 D 11.56 16.03 13.84 8.04 9.69 7.02 
6448 D 6.76 9.09 9.11 11.32 7.21 14.16 12.32 11.12 12.50 
6455 D 9.21 9.58 8.21 8.47 12.68 14.35 14.39 9.67 13.53 
Ave. 9.77 11.38 13.63 9.76 11.51 11.94 12.24 9.83 11.82 
Table 39. Individual determinations of rumen pH during preliminary and BD feeding periods of grow­
ing calves (Part IV) 
CalE Date^  
no. Group 12-4-70 12-9-70 12-15-70 12-29-70 1-12-71 1-26-71 2-9-71 2-18-71 2-23-71 
Rumen pH 
6129-2 A 5.4 6.1 5.7 5.5 5.9 6.2 5.8 6.3 5.8 
6392 A 5.4 5.4 5.4 5.4 5.3 5.6 
6444 A 5.1 5.5 5.4 5.3 5.3 5.4 5.4 5.3 5.7 
6456 A 5.1 5.6 5.6 111 5.9 6.0 5.7 5.3 5.4 
Ave. 5.3 5.7 5.5 5.5 5.6 5.8 5.6 5.6 5.6 
1034 B 5.3 6.3 5.3 5.4 5.3 5.5 5.8 5.7 5.6 
6408 B 6.0 5.7 5.5 5.5 5.6 5.3 
6438 B 5.2 5.4 5.3 5.3 5.4 5.6 5.4 5.7 5.4 
6454 B 5.1 5^ 3 5.4 5.0 111 5.7 5.2 5.6 6.0 
Ave. 5.4 5.7 5.4 5.3 5.4 5.5 5.5 5.7 5.7 
1035 C 6.6 5.8 5.6 6.6 6.0 6.3 6.0 6.1 
6411 C 7.0 6.6 6.1 5.6 5.8 5.8 
6449 C 6.0 6.0 5.7 5.5 5.9 5.8 5.8 5.7 5.6 
6458 C 6.2 111 LO. 5.6 5.8 liA 5^ 8 5.9 5.8 
Ave. 6.4 6.3 5.8 5.6 6.0 5.8 6.0 5.9 5.8 
6126-3 D 5.7 6.8 6.1 5.8 5.7 5.7 5.8 6.2 6.0 
6414 D 6.2 7.1 5.6 5.8 6.1 6.5 
6448 D 6.4 6.8 5.6 5.6 5.8 5.5 5.7 6.3 5.9 
6455 D 5.6 6.5 111 5.9 5.8 6.1 6.0 5.4 kil 
Ave. 6.0 6.8 5.8 5.8 5.9 5.9 5.8 5.3 6.0 
Table 40. Individual determinations of blood acetone + acetoacetate during preliminary and BD feed­
ing periods of growing calves (Part IV) 
Calf Date^  
no. Group 12-4-70 12-9-70 12-15-70 12-29-70 1-12-71 1-26-71 2-9-71 2-18-71 2-23-71 
Acetone + acetoacetate (mg/100 ml) 
6129-2 A 0.046 0.239 2.163 0.223 0.516 0.330 0.105 0.372 0.593 
6392 A 0.232 0.335 4.333 0.591 0.753 0.303 
6444 A 0.186 0.203 0.412 0.290 0.753 0.321 0.140 0.345 0.635 
6456 A 0.267 0.299 0.379 0.435 0.632 0.535 0.386 0.593 0.773 
Ave. 0.183 0.269 1.822 0.385 0.664 0.372 0.210 0.437 0.667 
1034 B 0.012 0.143 13.877 0.568 2.072 1.838 8.061 25.036 22.136 
6408 B 0.278 0.227 0.813 0.491 0.991 0.696 
6438 B 0.110 0.418 22.517 0.613 1.170 0.723 0.644 7.788 2.168 
6454 B 0.255 0.263 9.366 1.071 2.112 0.963 6.362 13.892 1.781 
Ave. 0.164 0.263 11.643 0.686 1.586 1.055 5.022 15.572 8.695 
1035 C 0.287 0.336 0.357 0.605 0.339 0.339 0.538 0.593 
6411 C 0.012 0.203 0.412 0.312 0.704 0.375 
6449 C 0.168 0.299 3.248 0.401 0.833 0.696 0.140 0.510 0.759 
6458 C 0.429 0.358 0.542 0.312 0.896 0.481 3.393 0.773 0.897 
Ave. 0.203 0.287 1.135 0.346 0.760 0.473 1.291 0.607 0.750 
6126-3 D 0.122 0.227 3.404 0.568 1.606 2.231 5.636 7.029 15.549 
6414 D 0.377 0.418 3.859 0.568 1.031 0.678 
644E D 0.133 0.358 18.733 0.580 2.558 1.918 9.725 22.620 22.426 
6455 D 0.255 0.382 23.894 1.227 2.689 2.284 6.854 7.236 15.273 
Ave. 0.222 0.361 12.473 0.736 1.971 1.778 7.405 12.295 17.749 
Table 41. Individual determinations of blood ^-hydroxybutyrate during preliminary and BD feeding 
periods of growing calves (Part IV) 
Calf Date^  
no. Group 12-4-70 12-9-70 12-15-70 12-29-70 1-12-71 1-26-71 2-9-71 2-18-71 2-23-71 
/<?-hydroxybutyrate (mg/100 ml) 
6129-2 A 1.394 1.563 1.140 2.027 1.436 1.689 0.929 1.563 0.845 
6392 A 1.352 3.168 1.774 2.365 1.901 0,760 
6444 A 1.605 0.718 1.816 0.803 1.056 1.521 5.913 0.803 0.000 
6456 A 1.901 2.492 0.042 1.056 1.521 0.549 0.845 0.887 0.000 
Ave. 1.563 1.985 1.193 1.563 1.479 1.130 2.562 1.084 0.282 
1034 B 2.492 0.760 3.506 2.661 2.365 2.830 1.436 2.154 0.465 
6408 B 3.210 3.083 3.675 3.252 2.788 3.252 
6438 B 3.548 4.942 3.886 3.126 2.745 2.830 1.563 2.703 0.845 
6454 B 2.112 2.070 3.463 3.421 3.210 1.225 1.647 2.239 1.858 
Ave. 2.841 2.714 3.633 3.115 2.777 2.534 1.549 2.365 1.056 
1035 C 2.281 3.295 1.816 2.957 2.239 1.943 3.295 1.436 
6411 C 1.858 3.252 1.563 2.196 1.225 1.352 
6449 C 2.408 2.196 2.408 2.365 2.323 2.408 0.929 2.788 1.098 
6458 C 5.068 3.168 3.590 3.886 2.070 1.816 1.943 3.252 0.12 V 
Ave. 3.111 2.724 2.714 2.566 2,144 1.954 1.605 3.112 0.887 
6126-3 D 3.590 3.295 4.562 4.097 5.111 4.731 4.393 3.928 4.013 
6414 D 1.394 5.491 6.293 2.914 3.463 3.717 
6448' D 1.605 2.281 4.773 3.168 3.717 4.562 2.281 5.744 3.379 
6455 D 2.703 2.872 4.942 4.688 4.393 5.744 5.533 5.702 2.830 
Ave. 2.323 3.485 5.143 3.717 4.171 4.689 4.069 5.125 3.407 
Table 42. Individual determinations of blood glucose during preliminary and BD feeding periods of 
growing calves (Part IV) 
Calf Date^  
no. Group 12-4-70 12-9-70 12-15-70 12-29-70 1-12-71 1-26-71 2-9-71 2-18-71 2-23-71 
Blood glucose (mg/100 ml) 
6129-2 A 56.0 52.0 59.5 62.0 60.0 57.0 39.5 32.5 41.0 
6392 A 63.0 84.0 59.0 50.0 55.0 
6444 A 51.0 66.0 62.5 59.0 54.5 55.5 38.0 20.0 19.5 
6456 A 40.5 53.5 53.9 57.5 66.0 59.0 43.0 11.5 35.5 
Ave. 49.2 58.6 65.0 59.4 57.6 56.6 40.2 21.3 32.0 
1034 B 57.0 68.0 69.0 65.0 64.0 62.0 45.0 22.0 42.5 
6408 B 51.0 55.5 46.5 62.0 47.0 50.0 
6438 B 42.0 65.0 58.0 53.5 62.0 59.0 59.0 13.5 14.0 
6454 B 48.0 55.5 51.5 56.0 61.0 65.5 58.0 48.0 
Ave. 49.5 61.0 56.3 59.1 58.5 59.1 54.0 17.8 34.8 
1035 C 47.5 48.0 54.5 112.0 51.5 44.5 15.5 31.0 
6411 C 53.5 50.5 58.5 62.0 51.5 59.0 
6449 C 56.0 58.5 55.5 57.5 51.0 59.0 58.0 25.0 43.5 
6458 C 54.0 55.0 46.0 57.0 53.0 51.5 39.5 38.5 40.0 
Ave. 54.5 52.9 52.0 57.8 66.9 55.3 47.3 26.3 38.2 
6126-3 D 44.5 46.0 45.0 49.5 47.0 48.0 41.0 17.5 20.0 
6414 D 53.5 72.5 46.5 61.0 51.5 57.5 
6448 D 42.5 53.5 51.0 54.5 59.0 51.5 44.0 15.0 12.0 
6455 D 57.0 69.0 59.0 53.5 62.0 59.0 5.00 39.0 22.0 
Ave. 49.4 60.3 50.4 54.6 54.9 54.0 45.0 23.8 18.0 
